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BUILDING TECHNOLOGY FORECAST AND EVALUATION (BTFE), VOLUME II:
EVALUATION OF TWO STRUCTURAL SYSTEMS

1 INTRODUCTION

Background

Many different innovative or new construction technologics being marketed today may represent cost-
effective, expedient alternatives to traditional building types. These technologics are of growing interest
io the U.S. Army Corps of Engineers (USACE), which is responsible for a $1.4 billion/ycar military
construction program. As USACE attempts to provide the Army with quality facilitics while facing
increasingly lower budgcts, it will need to consider adopting building products and systems that can result
in (1) a lower cost for equal quality or (2) better quality at the same cost as conventional construction (and
therefore an improved life cycle).

An obstacle to implementing ncw or innovative technologies has been the lack of proper guidance for
sclecting those most suitable to Mlitary Construction, Army (MCA) and other military construction
(MILCON) projects. Failure to choose appropriate systems based on comprehensive analyses can have
catastrophic results, including structural failure. Therefore, any ncw or innovative technology must show
potential for meeting the same requircements and specifications as conventional construction.

USACE nceds a systenaatic approach for identifying and evaluating these alternative technologies.
To be effective, this approach would nced to apply to the large number and variety of building types
prevalent in U.S. military construction. The procedures must reflect current professional practice, meet
USACE requirements, and be applicable to the state of the art in building construction. In addition, the
methodology must be generalized and flexible enough to incorporate new knowledge as it becomes
available.

Information collected in a building technology forecast and evaluation (BTFE) process would be
mutually beneficial to USACE and private industry. In addition to helping USACE select appropriate
technologics, BTFE will identify arcas of products or systems that could be improved, providing industry
with valuable fecedback. Information on these technologies also could be used to develop a statistical data
basc that would provide a uscful tool for decision-makers in selecting new or innovative building
tcchnologics.

Objective

The objective of this study is to develop a systematic methodology for forecasting and evaluating
building technologics. The specific objectives of Volume II are to expand the evaluation phase of the
prototype BTFE cycle for examining structural systems and to use this approach to evaluate two systems.
Volume I explains the BTFE cycle and describes a practice exercise of the first three phases in which the
two systems were identificd for further evaluation.

Approach
In Volume I of this rcport, a gencral BTFE cycle was proposed which consists of four phases:

forecast or identification of promising tcchnologics, impact analysis (i.c., applicability to USACE),
prioritization for further study, and dctailed evaluation. To cvaluate the two technologics identified in the




practice exercise, the cvaluation component of the c¢ycle was developed from its very gencral focus into
a sct of guidclines specifically for asscssing structural systems.

Several general performance attributes related directly or indirectly to structural performance
characteristics were first identified. Then, for each attribute, specific subattributes were selected to
describe the structural performance more claborately and cxplicitly. Design and construction criteria
related to these specific attributes were referenced to USACE, Department of Defense (DOD), and industry
standards. This relationship was cstablished to allow a comparison of required performance criteria with
actual pcrformance characteristics of a structural system. The resulting evaluation process contdins an
objective (quantitative) component that includes the tangible data related to design, construction,
experimentation, and field investigation, and a subjcctive (qualitative) component that includes opinions
of architects, engineers, contractors, manufacturcrs, and so on, as wcll as published material.

A rating sheet was developed for recording the engineering data correspondirg to the objective rating
and the empirical data corresponding 1o the subjective rating. The rating shect relates this information to
the attributes and facilitatcs a numerical determination or measurement of the performance characteristics
for any structural systcm evaluated. Using input from scveral design professionals, attribute weighting
factors were assigned. These factors reflect the relative importance of performance factors with respect
to cach other. The objective of the rating shect is to derive a System General Rating (SGR) for a given
structural systcm. The SGR indicates the technology's suitability for MCA projects.

This dctailed cvaluation proccdure was usced 10 examine two structural systems: a tunncl forming
system and a composite panclized system.

Scope

This investigation concentralcs on building technologics related to structural systems and major
structural components.  Materials and products associated with the componcnts arc not considered.
Application of the proposcd methodology is limited to two low-risc residential systems called the tunnel
forming system and coinposite panchized system. A third produci, caiied ihe Strickland System, is also
investigated, but no detailed cvaluation is conducted.  Although the methodology has been developed for
a particular type of evaluation (structural), it is cssentially generic and is not necessarily project- or site-
specific. Additional considerations may be required to apply this mcthodology to a specific project at a
particular site. Finally, it should be emphasized that the procedures proposced in this report are intended
tu serve as a tool to provide consistent guidance for cvaluators; it does not substitute for professional
expertisc in selecting building technologics.

Mode of Technology Transfer

It is expected that new/innovative technologies identified with the g)rototypc BTFE cycle will be
demonstrated during FY90 under the Technology Transfer Test Bed (T°B) program. In addition, this
mcthodology has been submitted o Headquarters, USACE, and accepted as a candidate for development
as an industry standard under the Construction Productivity Improvement REscarch (CPAR) program; a
private company has proposed 1o be a cosponsor. Three possible mechanisms are being considered for
implementing the final product (1) establish a dedicated support center at a District office to scrve all of
USACE. (21) contract an cxtemal service that would be responsible to some USACE representative (c.g.,
the Corps of Engincers National Alternative Construction Technology Team [CENACT], or (3) use
leveraging through CPAR 1o cstablish a private agency, and then subscribe to the BTFE service it
providces.




2 FACTORS TO CONSIDER IN EVALUATING STRUCTURAL SYSTEMS

Identifying Structural Attributes and Characteristics

Virtually an endless varicty of structural systems exists. A particular systemn derives its unique
character from a combination of considerations. These considcrations comprisc the qualitative
characteristic features or inherent behavioral propertics of a structurc and its components. Separately
considered, such considerations characterize the major performance requirements of a structural system
and its components, and can be called "attributes.”  All structural systems share the general attributes
described below.

General Antributes of Structural Systems
The general attributes relevant to a structural system are:

i Structural functions, which represent the strength, stiffness, and stability characteristics
at the scrvice and ultimate load levels, and the compliance with code regulations.

. Structural form and scale, representing the elements’ limitations, the production process,
the need for special functions, and csthetics.

d Materials, defining the suitability of matcrials for building elements, limitations on spans
of elements, and the nature of joining imposed by the matcrial propenties.

. Connectivity of clements, defining the naturc of conncctions between articulated structural
clements, bracing systems, and the mcthod of supporting the structure.

d Constructibility, dealing with the casc of building the structure. These issues may include
ercction, material handling, quality assurance, labor, cquipment, temporary supports, and
speed of construction.

. Optimality, suggesting cost-cffectiveness and lcast material consumption.

. Specific loading, or the loads or combinations of loads that the structure is expected to
support.

. Architectural functions, defining the primary architectural provisions of the structure.
These include, for cxample, enclosure, interior spatial definition, unobstructed interior
space, and massing of the building.

These general attributes can be related to any specific building technology. From a structural
performance viewpoint, the structural function attributes that correspond to the safety and scrviceability
of the structural system are most significant. The general attributes are expanded below to list the more
specific, detailed requirements for adequate structural integrity and performance.

It should be noted that a building structure essentially gocs through three basic stages during its life:

1. Design, including the conceptual design, planning, and detailed design.

2. Construction, beginning with groundbreaking and terminating when the building is complcied in
all respects including the finishes.

9




3. Occupancy, which is the service lifc of the building.

All attributes can be related in some way to these three stages. Figure 1 demonstrates how the various
phases of the design process influcnce the structural performance. From the figure, it is clear that any
human error or incongruence during the design stage may have serious repercussions on the structural
performance, as explained in more detail below.

Specific Structural Performance Attributes

Detailed or specific attributes related to the structural safety and serviceability performance also can
be related to cach of the three stages comprising a building’s uscful life. Figures 2 through 4 summarize
these attributes by lifc-cycle stage.

The specific attributes shown in Figurc 2 dcfine the various inherent qualitative, tangible
characteristics that must be addressed during the design process.  Any erroi or inadequacy in these
attributes will in some way influcnce the strucwral system’s performance during construction and
occupancy. For example, if the specifications or drawings are incorrect or incomplete, the building
performance will suffer at some point.

Figure 3 shows the attributes during the construction phase with specific attributes listed under the
principal attnbutes. Structural safety and economy arc the main attributes during construction. Fire safety
also is critical. Some important specific attributes under structural safcty are the load-carrying capacity,
temporary structures used 1o support and brace the building under construction, the changing structure,
matcerial handling, and quality control. Loads and load combinations play a significant role in determining
the structure of a building and are classified scparately in Figure S.

Figure 4 shows the attributes during the building's service life when it is occupied. Safety and
serviceability are the two principal attributes shown.

Other Attributes

Other important attributes that may affect the performance of a structural system arc habitability,
durability, span length, and maintainability. Tablc 1 is a detailed list. Although some of these attributes
arc not directly or explicitly related to the building structure, they may implicitly affect the structural
performance, and therefore are included in the list of attributcs.

Influence of Other Building Systems

Good design practice requires integration of the structurc into the whole physical system of the
building. It is important to realize the major influcnces ol other building systems on structural design
decisions.  Some structural systems often become popular because of their adaptability to the other
building scrvice systems.

Integration of the structure with the following building systems and subsystems is absolutely
necessary:

* Architectural systems

* Hcating, ventilation, and air-conditioning (HVAC) systems.
* Power

* Lighting

*  Plumbing.

10
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Table 1

Other Attributes That Can Affect Structural Performance

Habitability Durability Span Lengths Maintainability

1. Heahh 1. Mechanical 1. Flexibility; Range . Material Compatibility
1.1 Dust 1.1 Splhtting
1.2 Chemical 1.2 Tearing
1.3 Radiation 1.3 Bursting

1.4 Odors
1.5 Air Infiliration

2. Water Penctration
2.1 Absorption
2.2 Permcability
2.3 Infiltration

3. Visual Characteristice
3.1 Reflectance & Contrast
3.2 Color
3.3 Texture
3.4 General Appearance

4. Acoustic Characteristics
4.1 Reverberation
4.2 Reflectance & Dispersion
4.3 Absorpuon

S. Tactile Characteristics
5.1 Hardness
5.2 Roughness, Texturc
5.3 Thermal Responsc
5.4 Scale

6. Ergonomic Charactenistics
6.1 Scale Related to Human
Body
6.2 Vibrations, Deflections,
Movements

7. Component or Building Image
7.1 Familiarity,
Understandability
7.2 Clanity
7.3 Consonance With User
I xpectations

8. Thermal Properties
¥.1 Expansion
8.2 Thermal Conducuvity
8.3 Thermal Shock

n

. Wear Resistance 2.

. Dimensional Stability

1.4 Fatigue

Relation to Occupancy
Indicated by Other Cniteria
(i.c., Load Carrying
Capacity, Health, etc.)

2.1 Abrasion
2.2 Scraiches

3. Material Limitations
3.1 Shrinkage

3.2 Expansion

3.3 Volume Change

3.4 Dclamination

3.5 Cracks

. Weathering

4.1 Frecze-Thaw
4.2 Fading, Color
Stability
4.3 Bacteriocidal

4.4 Chemical

. Theological

5.1 Plasticity
5.2 Viscosity
5.3 Creep
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. Susceptibility to Cracking

. Resistance to Chemical Antack

. Repairability

. Cleanability

. Ease of Inspection

. Potential for Remodeling




From an architectural viewpoint, most buildings consist of combinations of three basic elements--
walls, roofs, and floors. Walls could be bearing-type or partitions, as well as exterior or interior. The
location of bearing walls influences the definition of unobstructed space in the building. Also, structural
walls can act as shear wall to resist lateral loads. Curtain walls or cladding, doors, windows, fixtures, and
similar components are also affccted by the building movement due to gravity, wind, and seismic loads
as well as sctilement. Openings which are too large or too numerous may weaken structural walls.
Because of the frecdom of geometry and lack of a need for rigidity in excess of what is required for its
function as a horizontal structural diaphragm, the structural options for the roof are usually numerous.
Moreover, the largest enclosed, unobstructed spaces are generally spanned by roofs. This is why most
of the dramatic and radical spanning structures for buildings are those used for roofs.

Most floor structures are usually short in span, since loads are high on floors and flat systems are
relatively inefficicnt. Therefore, when large unobstructed spaces are required in floors, important structural
decisions arc made in conjunction with architectural requircments for floor spaces and ccilings.

HVAC design concepts have evolved rapidly due to the energy shortage. The structural configuration
and performance of structural elements can be affected by HVAC systems in a building. Similarly, power
equipment/design and illumination technology are continuing to improve. These new systems can directly
or indirectly influence the structure. Further, the design tcchnology related to HVAC, acoustics, and
electrical power and lighting systems can have a significant impact on the initial and life-cycle costs of
the whole building system.

Another important system is the plumbing that provides water supply and waste handling in a
building. This esscnnal service system must be as independent as possible from the structure. However,
this goal may not always be available since pipe runs, openings, chases, and other components may affect
structural decisions.

It is evident from this discussion that structure cannot be totally isolated from the other building
systems. Therefore, the building technology evaluation process must account for the performance attribute
of structural integration with other major building systems. System integration may be extended to other
structural subsystems (e.g., the foundation).

Selection of Major Attributes for the Evaluation

Becausce a structural system cannot be viewed as a scparate entity of the building, an extremely large
number of attributes characterize the performance rcquirements. An evaluation using this many criteria
would be inefficient and impractical, if not almost impossible. Moreover, in some instances, there are
overlapping or repetitious performance characteristics that are somewhat vague and difficult to quantify.
Therefore, it is imperative to condcnsc the number of attributes into a broad classification covering those
most critical to this type of evaluation. Table 2 lists the major attributes selected for this study along with
a brief explanation of each. Following each major attribute, the corresponding specific attributes also are
listed according to the three basic stages of the building’s life.

Major Structural Components
All buildings have a set of components that comprise the structural system (Table 3). Individual,
localized s*ructural actions by each of thesc components combine together through a phenomenon called

“synergy,” to provide the global structural action for the entire system. Therefore, structural attributes can
be associated not only with the overall structural system, but also with all components of that system.
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Table 2

Attributes Sclected for This Study

1. Structural Safety: Relates to the performance of structure and its components at the
ultimatc load. Ensurcs safety against collapse undcr overload
conditions.

Design: 1.1 Overloads

1.2 Collapsc safcty/
ultimate strength

W

Construction: l. Formwork/temporary supports
1.4 Construction hazards

1.5 Changing structure during
crection and construction

1.6 Matcrial handling and quality control

Occupancy: 1.7  Strength against overloads
1.8 Stability
1.9  Collapsc modc
1.10  Fracture
1.1l Faligue
1.12  Accidental/Special Loads
1.13  Progressive Failure

2. Structural

Serviceability: Defines the structurc’s scrvice behavior.
Cracking, cxcessive deflections, etc., must be avoided, and the
structurc should be strong enough and in stable equilibrium under
scrvice or working loads.

Design and
Occupancy: 2.1 Loads and load combinations

2.2 Strength propertics

2.3 Sufiness/vibrations
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Table 2 (Cont*d)

3. Fire Safety:

Design,
Construction

and Occupancy:

4. Habitability:

Occupancy:

5. Durability:

2.4  Strength to support loads

2.5 Stable equilihriurﬁ/latcral bracing

2.6  Roof ponding

Structure must be as safe as possible against fire hazards. In the
event of a fire, the flame spread is controlled and strength is

maintaincd for a predicted number of hours by providing adequate
firc protection to the structural components.

3.1  Combustibility

3.2 Flamc sprcad amd potential heat

3.3 Fire resistance and endurance

3.4  Strength maintenance

3.5 Collapse safety

3.6  Protective devices

3.7 Smoke propagation/toxicity

Defincs livability in the building with regard to water penetration,
acoustic environment, thermal characteristics, health, comfort, light,
venlilation, and general safcly in relation to structural scheme,
planning, materials, building form, etc.

4.1 Watcr penctration/permeability

4.2 Acoustic environment

4.3  Thermal properties/freeze-thaw exposure

4.4  Hcalth, comfort, light, and ventilation

4.5  General safety

Includes the ability of the structure and its elements to withstand
wear and tear, weathering, creep and shrinkage effects, environmen-

tal and chemical cffects, corrosion, etc. and maintain dimensional
stability during the life of the building.

19




Table 2 (Cont’d)

Occupancy: 5.1  Mcchanical propertics
5.2 Wecar resistance
5.3  Dimensional stability
5.4 Weathering
5.5 Rheological propertics
5.6 Environmcntal cffccts
5.7  Corrosion resistance

6. Constructibility: Ease of constructing the structural system, ability 10 surmount sitc

conditions such as transportation, matcrial handling, and crection,
adaptability to prefabrication and unitized construction, tolerances,
simple connection detailing, and other considerations.

Design: 6.1 Structural planning
6.2 Susceptibility 1o structural analysis
6.3  Easc of delailing

Construction: 6.4  Maltcrial availability
6.5  Availability of skilled labor and equipment
6.6 Easc of crection and coordination
6.7  Adaptability 1o prefabrication and unitized construction
6.8  Required precision and tolerance/quality control
6.9 Easc of matcrial handling

6.10  Rcuse of temporary structures

7. Maintainability: Includes matcrial resistance o deterioration, corrosion, and chemical
attack; repairability, casc of periodic inspection, potential for
remodcling.

Occupancy: 7.1 Material resistance to deterioration

1.2 Susceptibility to cracking

7.3 Resistance to chemical attack




Table 2 (Cont’d)

8.

10.

Architectural
Function:

Design and Occupancy:

Economy:

Design and
Construction:

Occupancy:

Compatibility:

Design and
Occupancy:

7.4  Repairability

7.5 Ease of periodic inspection

7.6  Potcntial for remodeling

Includes building form and scalc relationship, span and size
limits of structural components, interior space definition, subdivi-
sion, and separation in relation to structural planning, building
enclosure, and other clements.

8.1  Building form and scale

8.2  Span and size limits of components

8.3  Interior space definition, subdivision and separation

8.4  Building cnclosurc

Relates to the cost of materials, labor, and equipment, construction
speed, easc of design modification during construction, maintenance
and management costs.

9.1 Material

9.2 Labor

9.3 Equipment

9.4  Ease of design modification during construction

9.5 Construction speed

9.6  Maintcnance and management

Includes compatibility of connecting elements, favorable interaction
of joining materials, ability of structural members to receive and
retain coatings.

10.1  Analysis of connections

10.2  Connection detailing and simplicity

10.3 Joining matcrials interaction

10.4  Ability 1o receive and retain coatings
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Table 2 (Cont’d)

11. System Integration:

Design,
Construction
and Occupancy:

12. Code Compliance:

Design,
Construction,
and Occupancy:

The structural system must be intcgrated with the architectural
design and other major building systems, ¢.g., power and lighting,
temperature control, HVAC, plumbing, foundation, and possible
mcchanical and clectrical ecnlargement during the occupancy of the
building.

11.1  Architectural design

11.2  Powecer and lighting

11.3 Temperature control

114 HVAC

11.5  Mechanical/clectrical enlargement during occupancy

11.6  Water supply and plumbing

11.7 Foundation systcm

11.8  Sccurity systcm

Includcs review of codes and builder’s claim as to codc acceptabili-
ty, and satisfaction of any spccific rcquirements or criteria in

conformance  with acceptable practice, standards, or rcliable
publication.

12.1 Review of code

12.2  Satislaction of specific requirements




Table 3

Major Structural Components

1. Foundations

1.1 Conventional foundations

1.1.1 Spread foolings
1.1.2 Strip foolings
1.1.3 Piles

1.1.4 Caissons

1.1.5 Mat

1.2 Special foundations

2. Substructure

2.1

Slab on grade

2.2 Basement/foundation walls

3. Superstructure

3.1

32

33
3.4

35
3.6
3.7
3.8

Floors
3.1.1 Floor diaphragm/shcathing/slab
3.1.2 Beams/girders/lintels
3.1.3 Trusscs/joists

Roof
3.2.1 Roof diaphragm/shcathing/slab
3.2.2 Beams/girders/purlins/rafters/lintels
3.2.3 Trusscs/joists

Stairs

Bearing walls/shcar walls
3.4.1 Exterior walls
3.4.2 Interior walls
3.4.3 Bracing clcments

Columns

Tension members

Conncctions/joints

Special clements
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Design and Construction Requirements and Standards

A structural system can be investigated thoroughly by evaluating the system components in terms of
cach attribute listed in Table 2. The specific attributes can be cross referenced w USACE requirements
for design and construction as well as other building codes and standards to allow a qualitative assessment.
To provide this cross reference, construction codes and standards were surveyed o identily those
applicable 1o the structural systems evaluation. The codes/standards adopted for this study are the Uniform
Building Codc (UBC) and the (BOCA) Basic Building Code. In addition, USACE regulations and DOD
and Army rcgulations were scrutinized and the pertinent references identificd. These codes and standards
wcere then matched with the appropriate structural components and system attributes to define specific
performance requirements. For example, it was determined that, 1o mect the "strength against overloads”
requircment in the attributes list, the foundation must conform with UBC 2303(¢) and BOCA 701.1.
Appendix A provides a complete list of codes and standards used in the evaluation. Tables Al and A2
of this appendix ross reference the standards to the attributes and system components defined in this
chapter.




3 METHODS OF EVALUATING STRUCTURAL PERFORMANCE

Overview

As notcd in Chapter 1, the evaluation method is structured to provide two types of information about
a technology--quantitative and qualitative. The typc of information that needs to be collected for a given
attribute and structural component will be determined by the content of the code or standard. In general,
thesc criteria call for some type of test to measure performance, usually at a laboratory scale, and result
in the quantitative data. However, some evaluations depend on subjective engineering judgment, which
constitutes the qualitative information.

To investigate structural components, three levels of evaluation are possible: analytical, experimental,
and field study. Each level requires a specific sct of tests to produce the data on which conclusions about
a technology are based. For this study, five scts of tests were identified and are related to the evaluation

levels as described below.
Analytical Evaluation

Two types of tests are possible at this evaluation level:

Test 1. Review of drawings and specifications. The drawings may include, but are not limited to,
working and shop drawings for certain projects, sketches showing generic details for the structural system,
and any other information presented graphically for the structural system or building technology.

Test 2. Revicw of numerical design calculations. The design calculations shall indicate the loading
criteria (e.g., dead, live, wind, scismic), design assumptions, structural analysis showing how load effects

are transferred and dclivered to the foundations, and the resistance of member elements and connections
to the applied loads.

Experimental Evaluation
The cxperimental level of evaluation can cntail two test protocols:

Test 3. Assurance that component mects requirements of ASTM or other standard experimental or
laboratory test (nondestructive tests or tests on modcls or samples).

Test 4. Experimental confirmation and verification of full-scale components and/or systems or
subsystems in the laboratory or in the ficld, although it may not be specifically required by code.

Note that for Tests 3 and 4, the verification may be done through laboratory tests, experiments, or
analyscs conducted specifically for the evaluaticn, or may be based on existing test data or analytical
documecntation to minimize cost. Test data nced not be by independent testing agencics as long as the data
appear to be rcliable.

Ficeld Testing
This evaluation mcthod is sclf-cxplanatory ang is defined as:
Test 5. Ficld investigation during design phase, construction and/or occupancy, including firsthand

information on products and building technologics gained by visiting the manufaciaring plants, shops, and
other facilities.
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Test Objectives

The tests listed above are prescribed in various combinations to assurc that a product or system
conforms with performance criteria. The combination of performance requircments, performance critena,
and tests for any given system are the performance specifications for that system. The performance
characteristics completely describe the performance concept as an integral part of the systems approach
to construction of any building. The three levels of evaluation arc described for various loading conditions
below.

Analytical Evaluation Method (Tests 1 and 2)

The analytical method is based on mathematical analysis of the structure or component for a particular
attribute by numerical computations or computer simulations. The analysis is performed on the idealized
structural system or component and is aimed at dctermining its response characteristics (i.e., internal
forces, deformations) when subjected to extrinsic or intrinsic loads (sce Figure 5). This method of
cvaluation uses Tests 1 and 2 as described above.

Building Analysis for Gravity and Wind Loads

A building structure is normally analyzed for gravity (dcad and live) and wind loads to determine the
stability of a system (c.g., bracing, shear walls, diaphragms) the lateral sway caused by wind loads and
possible asymmetrical gravity loads. An analysis of the member clements is required 1o determinc internal
mcmber forces, bending stresscs, shear stresses, torsional stresses, member dceflections and similar
propertics. There arc many analysis techniques available and the design professional can adopt a suitable
technique for this purpose.

Analysis for Tornado and Hurricane Loading

Tornadocs usually begin with severe thunderstorms and arc aimospheric vortices that cxtend from
within the cloud to the ground like a funnel. Almost all parts of the United States are prone to tomadocs
in various degrees. Tomado wind speed can be as high as 300 mph, but most tomadocs that occur in the
United States have maximum wind speeds less than 150 mph. The perception of this lower wind speed
makes tormnado-resistive design possible. Tomado intensity is usually rated by the Fujita-Scale (F-Scalc).

Distinguishable degrees of protection are required for different types of buildings.  Usually, for
occupant protection, it is not economically fcasible to design the entire building to re<ist tomadoces. Only
a small arca of a building nceds 10 be strong ecnough 1o shelter people in the event of a tornado.

A hurricanc is a scvere tropical cyclone that develops over the North Atlantic Ocean, Caribbean Sea,
Gulf of Mexico, or Eastcern North Pacific Occan. Thesc storms affect the well populated Gulf and East
Coast areas of the United States and occasionally the West Coast. Winds frequently reach speeds of 100
to 135 mph, with the most scvere storms possibly rcaching a wind speed of 200 mph.  Hurricane intensity
is usually rated according to the Saffir/Simpson Polcntial Scale. Many aspects of hurricancs are not well
understood and important data are still required, despilc many studies on this subject. As a result,
buildings subjected to hurricancs and high winds arc designed with the same concepts stated in standard
codes of practice for regular wind loads, although the valuc of the corresponding wind pressure is
increased.

Analysis for Earthquake Louding

The major scismic zoncs in the United States include scveral arcas where major population centers
exist. The proper design of buildings to resist carthquake ground motions requires a number of




considerations, including: careful layout or configuration of the building, thorough evaluation of all
connections, the incorporation of ductility and redundancy into the structure, and an evaluation of the
consequences of failure. These special requirements are in addition to the normal analysis and design
procedures and are essential if the structure is to perform well. The building structure is usually analyzed
for the equivalent static earthquake loading following specifications of the prevailing building codes. The
analysis is performed to determine the internal forces and deformations of the structure and its components
for a specified design earthquake loading. Results are then compared with selected performance criteria
determined from applicable codes. For slender buildings with large periods of vibration or buildings with
complex form or configuration, dynamic analysis for the earthquake loading may be requircd.

Analysis for Abnormal Loading

Buildings occasionally may be subjected to abnormal and accidental loads, such as explosions, blasts,
and missiles. Analytical techniques for these loads are rather poorly defined at present, but some are
available in the literature. When the possibilities of such loads exist, due consideration must be given to
account for them fully in the structural design process. Analysis of this kind is not normally required for
most building structures, but is included in this discussion for completeness.

Other Analyses

Special analyses are rcquired for long-term effects (e.g., creep, shrinkage), thermal loads, fire
resistance, cyclical loads, and progressive failures caused by repeated and/or accidental loading. These
analyses are usually rcquired for special conditions and are warrantcd whenever the design professional
has any doubt about the structural system’s performance under such conditions. For most routine
structures, these analyses are not required.

Review of Documents

During an evaluation, all documents rclated o structural analysis and design need to be reviewed and
checked for compliance with the appropriatc performance criteria. Documents to review include design
drawings, shop drawings, construction specifications, design calculations, and other available materials.
The specific performance requirements in Table A1 (Appendix A) for which certain performance criteria
are identificd as mandatory or desirable could serve as a checklist for this review process. As stated
carlier, this level of rcview corresponds to Tests 1 and 2. While reviewing the documents, it is necessary
to ensure that all USACE and other selected building code requirements and criteria are met by the
building technology in question.

Experimental Evaluation Methods (Tests 3 and 4)

The experimental evaluation method is bascd on laboratory tests on models, samples, or prototypes
of the structural systcm/components. Thesc tests validate a theory or assumption and ensure quality
control. The lack of simple and gencral rclationships between the various performance variables, material
characteristics, and loading and geometric parameters often leads to the necessity for performing
experimental simulations in the laboratory or field.

Tests on Models and Samples (Test 3)

Experiments conducted in the laboratory on scaled models of components or samples of materials are
generally rcquired for simulating component response to loads and ensuring quality as is prescribed by
the code. Model testing usually involves a dimensional analysis and may include structural laboratory
tests for stress-strain characteristics, deflection, torsion, and other properties. It may also involve
photoclastic experiments, wind tunncl tests, shake-table tests, and non-destructive testing. For material
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tests, the standard requirements of ASTM or any other codes rclated to matcrials usually are to be
followed. The results of all such tests must be well documented and the cvaluator must review these
documents during the cvaluation process.

Full-Scale Structure and Component Tests (Test 4)

Much cxperimental work has involved load tests on components. Thesc tests often arc done in the
laboratory cnvironment in conjunction with simplified analyscs to account for system interaction. These
simplifications ignore the complex, intricate strengthening effects of other structural and nonstructural
clements. Thus, despitc the merits of such component tests, the results can be misleading.

Full-scale system tests coupled with mathematical analysis are very useful in predicting the structural
rcsponse to loads. However, for large buildings, such tests are prohibitively expensive and difficult to
interpret unless they arc performed under laboratory conditions. Large-scale subsystem tests to simulate
total system behavior in the laboratory cnvironment or ficld offer a more reasonable approach.
Experimental rcsults from these tests need careful review to ensure that performance meets the stated
criteria.

Field Investigation Methods (Test 5)

The evaluator can inspect a building that uses the candidate technology to obtain information about
its performance. This inspection can be done during construction or when the building is occupied.
During construction, the inspector may obscrve how construction is proceeding, the workmanship, and
advantages and disadvantages of the technology. Similarly, during the occupancy stage, the building
should be inspected to determine if it has performed well so far. As an altemative, when a building is
not yet built, the cvaluator can visit thc manufacturers’ plants to gain insight into their degrce of
sophistication during typical opcrations.

Field investigation is very desirable. A checklist of itcms to be investigated can be prepared to
conduct the evaluation in a systematic manner. The checklist could include relevant items from Table Al
(i.c., the cvaluators would sclect the items from Table A1 that they want to iuvestigate in the ficld).
Accurate documentation during the ficld investigation is essential. This type of evaluation corresponds
to Test 5, as described above. Therclore, the specific requirements that indicate Test 5 (see Table Al)
could be incorporated into the checklist.  Evaluators can include any additional observations related to
structural performance in their ficld investigation records.

Other Methods of Evaluation

The evaluation methods described above are objective and quantitative, and arc based on scientific,
systematic review and verification. There arc, however, other methods of evaluation that are based on
existing structures and are qualitative (subjective). These methods arce quite important in that they are
based on the accumulated cxpericnce or judgment of faclity uscrs, dcsigners, contractors, and
manufacturers. These methods arc experiential and have some clement of arbitrariness. However, they
must be included in the evaluation process o arrive at a rational evaluation scheme.

Although it may be ditficult to obtain statistically significant data for existing structures in many cases,

the evaluator should attempt to collect as much information as possible. The larger the information base
is, the morc mcaningful the cvaluation,
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4 INFORMATION REQUIRED FOR AN EVALUATION

Collecting and organizing information are important stages of the evaluation process. It may be
practical to develop a construction information system to store different types of data that may be useful
in the present or future evaluation studies. In-house librarics and information retrieval systems can be
developed for the system-specific data collected. Development of such a data base will eventually lead
to an efficient approach toward evaluating feasible systems and sclection of the best candidate if a

selection strategy becomes necessary.

After the specific performance requirements and the corresponding tests are identified from Table Al
for a particular structural system, the data required to make an evaluation and substantiate the evaluator’s
findings must be verificd. In general, all basic data can be classified into two broad categories:

1. Enginecring data: these are based on design, construction, and experimental data that can be
related to codes, standards, and USACE design and construction critcria. The standards will typically
correspond to ACI, AISC, AITC, ASTM, and others. These data are verifiable, tangible, and reproducible,
and are based on scientific findings.

2. Empirical data: these are based on past performance, user satisfaction, observed changes in the
structural system and components, the period of obscrved performance, and similar information. These
data are qualitative and not necessarily verifiable. They are based on experience, input from professionals,
and historical findings.

The specific types of data to be collected for a structural evaluation are described below. These
include a combination of engincering and empirical data.

Structural Design Data

Accurate design and research data are required for evaluating a specific structural system. The design
data will typically include a description of the system, the design criteria, design and analysis calculations,
graphs or charts developed for repetitious clement design, and references to specific building codes,
standards, or rclevant research findings. These data must be reviewed thoroughly by the evaluator. Any
deficiency in this area, particularly omission of significant design criteria, must be noted. These data will
be compared with the USACE and other sclected structural design criteria to determine compliance.
Design data for all components must be checked in the manufacturer’s design manual and calculations.
If the manufacturer’s information appears inadequate, evaluators should analyze the structural component
or element themselves.

Construction Data

For collccting construction data, it is important to review construction documents for a completed
project that used the same technology when these records are accessible. First-hand knowledge about a
system can be obtained by visiting a structure undcr construction, systematically recording the field data,
and if possible, monitoring the project and requesting fecdback from participants. This information can
be checked against the applicable construction criteria. Some of the constructibility features that need to
be revicwed arc: fabrication or erection tolerances, safcty and stability during construction, ease of
scheduling, fit-up problems, susceptibility to damage or loss of strength during construction, and ease of
installing members and conncctions.




Data From Experimentation

Valuable data on a structural system can be obtained from experiments conducted to verify the
capacitics of structural components when analytical verification is not possible or when the analysis would
be too inadcquate, unrefined or complex. Further, data related to full-scale or subsystem tests are required
on many systems for proper cvaluation. Documented results and their interpretation must be reviewed.
Testing agencies and experimental rescarch organizations may provide valuable assistance when additional
intcrpretation is necessary. The evaluator must also decide if new or different tests or experiments are
desirable for a particular structural system. It is cmphasized, however, that for economy and expedicncy,
cxisting experimental data should be used whenever possible, provided these data are reliable and
sufficicnt.  Existing data, if valid, preclude the neced for additional experimental detcrmination or
verification.

Data Related to the Completed Building

Past performance data should be grathered for completed structures that use the technology under study.
Documented failures or inadequacics will help in the system appraisal and may result in improved design
decisions and judgments for future projects. Feedback [rom occupants, design/ construction tcams, and
consultants for diffcrent projects often provides valuable insight into the system’s suitability in terms of
structural performance and cconomy. Some itlcms to note in completed buildings are: cracking, water
pencetration, noticcable floor deflections, bowing of walls, roof ponding, shear cracks around door and
window opcnings, and highly flexible floors.
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5 SYSTEMATIC BUILDING TECHNOLOGY EVALUATION PROCEDURE

Evaluation Approach

The systematic methodology developed in this study is intended for use in evaluating existing as well
as new technologies. The complexity of currcnt building technologies demands a structured approach to
building technology evaluation and forccast. Further, the complexity of information on building design
and construction requires that pcrfonnance attributes be linked to the collected information in some
meaningful way.

Such an approach has been discussed in general terms elsewhere.! In addition, a systematic approach
for evaluating construction materials has been reported? The present study adopts an approach similar
to these published methods. The approach taken here, however, focuses on structural systems and their
performance. This evaluation approach is therefore specific to attributes and data that describe the
performance of building structures and components.

Determining Evaluation Criteria

Performance rcquircments can properly define user nceds, constraints, and impacts. The objective is
to satisfy the client’s nceds and aspirations, which rely heavily on performance requirements. As such,
identification of criteria for evaluating a building technology must reflect the anl:c1pated performance for
the structural elements and the total structural system.

The major performance attributes in Table A1l can be taken as the criteria for evaluating structural
systcms. These attributes are sorted into categorics referred to as "specific attributes or performance
requirements” in Tablc Al to elaboratc upon the major attributes. These specific requirements, when
satisficd (or not) via the performance criteria extracted from USACE and other codes, regulations, and
standards of practice, detecrmine a tcchnology’s degree of acceptability. The level of risk acceptable to
the client, if known, will greatly influence the determination of acceptability by the evaluator.

Weighting Attributes

After sclecting the evaluation criteria, which arc the major performance attributes in this case, their
rclative importance nceds to be detcrmined. This can be done by assigning a weight factor to each
criterion or attribute. Factors can be weighted in many ways. One approach is based on input from
clients, users, dcsign profcssionals, consultants, contraciors, and specialists for a particular building
technology. Thesc professionals must be familiar with the technology. A more general approach is to
develop a data base of information based on input from the various professionals. The latter approach was
adoptcd for this study and an attribute rating shect was scnt to different organizations for buildings with
diffcrent types of occupancy (sce Appendix B for details). Based on responses from these professionals,
the weighting factors presented in Appendix B were determined.

'T. R. Napier and L. M. Golish, A Systems Approach to Military Construction, Technical Report P-132/ADA123382 (U.S. Army
Construction Enginecring Research Laboratory [USACERL), November 1982).
’H. J. Rosen and P. M. Bennet, Construction Materials Fvaluation and Selection (John Wiley and Sons, 1979).
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Rating of Structural Systems

It is desirable to develop a graphic presentation showing the attribute-information relationship to
summarize all significant aspects of the cvaluation. This presentation would depict the relationship of
sclected attributes to the engincering and empirical data collccted. Each specific performance requirement
that bclongs to a subsct of a major attribute can be tested and linked to the established performance
criteria. Any deficicney in the performance of a structural component can be highlighted so that the
component can be modificd to mect the performance criteria (regraded). Such a representation can also
be used to record past performance data (particularly information related to structural failurcs or
inadequacics) for future reference or usc by others.

Developing a Rating Sheet

Once the evaluation criteria have been identified, a Rating Sheet can be developed for a structural
system that uscs the specific building technology. The data arc divided into two parts--engineering and
empirical. Under the "Engincering Data” heading, the information sources/bases are shown. Similarly,
under the "Empirical Data” hcading, the historical and expericntial sources and observations based on these
sources ar¢ shown. Figurc 6 is a sample Rating Sheet.

The "USACE" and "Codes/Standards” columns under the "Enginecring Data” heading correspond to
the performance crilcria with reference 1o applicable code scctions/clauses indicated under the
"Code/Standards Reference” column in Table A1. Table A2 summarizes the performance criteria found
in USACE rcgulations. Thesg criteria were extracted from USACE documents (after a review of USACE,
Army, and DOD standards). Sincc USACE rcgulations are somewhat scattered throughout the different
engincering disciplines, such a summary is very uscful and convenient for the evaluator. Appendix A can
be updated with ncw knowledge and information on the rcgulations on the basis of a more extensive
revicw by more than one expen.

For the other codes, ¢.g., BOCA and UBC, these criteria arc readily available, and hence are not stated
scparatcly. The code scction numbers for the applicable specific attributcs are presented in Table Al.
Also, when USACE refers to standards, e.g., ACI or AISC, the applicable criteria are not stated since they
can be rcadily found in those specifications or manuals.

The "Full-Scale Tests™ column refers 1o any completed full-scale test on a structural system or
subsysicm in which appropriate test and performance critcria were adopted by the cxperimenters. These
test criteria should include, as a minimum, the critcria for full-scale model sclection and loading
simulation. The performance criteria should at Icast include the strength and stiffness criteria in
accordance with applicable codes and standards. The "Model/Sample Tests” column should include tests
specified by ASTM, ACI, and similar standards organizations. A list of these standards in relation to
various attributcs is availablc as Appendix E of USACERL Technical Report P-132. The "Field
Investigation” column is intended to record quantitative data gathered during site visits and not included
undcr the other information categorics.

The columns under the "Empirical Data” heading correspond to qualitative data obtained from input
by professionals through interviews, site observations, rescarch, publications, and similar sources. This
information base is very important because it is based on people’s experience and reflects the practical
considerations of the rcal world.

The evaluator’s task is now 1o assign rating points (o cach attribuie in rclation to each column under
"Engincering Data” and "Empirical Data" hcadings. These points arc based on a suitable rating
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scale that can be entered into the Rating Sheet shown in Figure 6. To arrive at a rating for an attribute,
the evaluator must study all data and test the critcria for the affected structural component, as discussed
before, and then use rational, unbiased judgment. This judgment rating is only an index of the degree of
satisfaction achieved by an evaluator completing the evaluation scheme for a specific attribute. A

proposed rating scale is:

Degree of Satisfaction for Attributes
Outstanding

Far above average

Above average

Average

Bclow average

Far below average
Unsuitable

Not known/Not applicable

WO'—‘NW-D-UIO\

Note that for "Not Known" and "Not Applicable," a rating of 3 (i.e., a median value) is indicated
because a structure or a component cannot be underrated or penalized with regard to an attribute if the
data are totally unknown or unrclatcd. Conversely, a structure or a component should not be overrated
since the lack of knowledge or applicability cannot be equated to an "Outstanding” or higher degree of
satisfaction. Since these data do not affect the attribute, an "Average" degree of satisfaction is assumed.

After entering points into the Rating Shect, the total score, X, for each attribute is determined. The
weight factor, Y, for the structural system under evaluation for cach attribute (determined in Appendix B
on the basis of input by professionals for a particular type of occupancy) is entered into the next column.
The weighted score, [S=(X)(Y)], is cntered into the last coiumn. The total of all weighted scores for the
N attributes (N = 12 in this study) gives the Cumulative Score Rating for the system when rounded to the
nearest whole number. The Cumulative Score Rating, when divided by N, is the System General Rating
(SGR) for the technology. The SGR value is an index that reflects a technology’s degree of suitability
for use by USACE, and is expresscd as an integer.

For a perfect structural system (which is, of course, impossible), the Cumulative Score Rating is 10
x 6 x 13 = 780 and the SGR is 780/12 = 65. On this basis, the following scale is recommended for
determining the suitability of a particular structural systcm:

SGR Performance Rating
52 and over Excellent
45 - 51 Good

40 - 44 Fair

39 and less Poor

An "excellent” structural system (or building technology) is one that will ensure highly satisfactory
performance. Such a technology should be scriously considered by a prospective user as a structural
system that mcets the requirements and standards of sound construction practice.

A "good" structural systcm is one that is expected to perform better than average and also is generally
satisfactory in terms of structural intcgrity and adcquacy. However, the system is likely to have some
disadvantages that lowcred its rating and the user should thoroughly investigate these limitations before
deciding to adopt such a system.
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A "fair" structural system represents average performance with a number of major limitations. The
uscr must cxercise extreme caution in deciding to adopt this system.

A "poor” structural system is gencrally unsatisfactory or even unacceptable and the user is advised
not to adopt it.

It is reemphasized here that the SGR valuc is only an index providing guidance to a prospective owner
on the suitability of a particular structural sysiem. Limitations of the rating scheme that forms the basis
for the SGR valuc were discussed above.

Comments on the Rating Scheme

The rating scheme developed here has the advantage of demonstrating an objective, verifiable
approach to building technology cvaluation and forccasting. Also, it is flexible enough to be modified
and updated as new information becomes available. Further, by providing a systematic numecrical
procedure, the rating scheme can be computerized and used for building system selection to provide
effective procedures and guidelines for evaluators and decision-makers.

There arc, however, a few limitations to this scheme. No matter how objective and quantitative this
procedure is, there will always be an element of qualitative judgment behind the numcrical scores and the
rating which may somectimes be biased or insufficient. The process of information collection and
performance criteria development can never be fully "completed.” Also, the SGR value for a structural
system should only be taken as the best possible index determined on the basis of the most diligent efforts,
and represents only a norm that can be adopted as guidance for preliminary system selection.

One crucial factor may invalidate the outcomce of the evaluation study. A system may have a high
SGR valuc, but it may be 0o expensive for a client or may not maich his/her specific nceds and, hence,
the SGR docs not mean much. Therefore, the client’s degree of accepted risk, affordability, personal
inclinations, and other considerations may detcrmine the suitability of a particular system. Howevcr, cven
when these unpredictable, qualitative factors arc not considered, the SGR value can provide a realistic
indication about the ovecrall performance of a structural systcm bascd on rational judgment and
scicntific/enginecring verification.

Developing an Evaluation Worksheet

To rate cach major attribute, it is nccessary to evaluate the subattributes or specific attributes under
cach major catcgory. For cach specific attribute, the evaluator must begin the process by identifying the
structural component affected and the test required {rom Table Al. Then, from Table A2, the applicable
USACE, Amy, and DOD criteria for the structural material can be located and the structural system or
component checked for compliance.  Similarly, the cvaluator can review the other building code
requirements in Table A1 and check for compliance with these. The compliance with USACE/Army/DOD
regulations and building codes/standards must be ensured by revicwing the drawings, specifications, design
calculations, and other documcents as discussed carlicr.  Similarly, the results of full-scale load tcsts and
modcl/sample tests must also be reviewed and evaluated. Further, the information gathered from field
investigations and site visits by the evaluator will be interpreted and cvaluated.

For cach specific attribute, the above obscrvations will be recorded and evaluated using a scale ranging
from unacceptable to cxcellent. No relative weighting factors or numerical points for the specific
attributes arc suggested because this convention would Icad to considerable complexity. (However, such
a mcthod could be pursucd in a future study). The following qualitative rating scale for cach specific
attribute is recommendced:
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Scale of Evaluation of Specific Attributes

Excellent -E
Good -G
Fair -F
Satisfactory -S
Poor -P
Unacceptable -U

Unrelated/Unknown -N

Note that the above scale is not esscntial since the evaluator can arrive directly at numerical points
for each general attribute from the Rating Shect in Figure 6. However, an evaluation scale for each
specific attribute will reveal dcficiencies in the structural system more readily and assist the evaluator in
determining the numerical points for cach attribute within each information category presented in Figure
6.

The evaluation process can be facilitatcd by the Attribute Evaluation Workshcet, a sample of which
is shown in Figure 7. It is important 1o note that the documents prepared by the evaluator will be used
to communicate significant characteristics of building technologies to others not necessarily familiar with
the technology in question. Therefore, the commentary entrics in Figure 7 should be brief, but complete
and clear, to accurately represent the technology’s performance relative to the attributc being considered.

The evaluator can now cnter scores, bascd on his/her overall degrec of satisfaction for each attribute,
under the "Enginecring Data” heading in Figure 6. Evaluation of attributes under "Empirical Data" will
be bascd on intervicws, input by professionals, publication reviews, and similar methods. Since these data
are qualitative, there is no need to develop an evaluation worksheet for this part of Figure 6. The
evaluator can enter scores directly into Figurc 6 based on pcrsonal judgment and interpretation of the
subjective data collected. It may not bc easy to collect this "Empirical Data" for many reasons (e.g.,
political, lack of availability of past documents, inability to contact well informed people, time
constraints). The cvaluator should, howcever, solicit as much information as practical to support the best
possible qualitative evaluation of a structural system.

Note that, while checking different criteria for each specific attribute, a large amount of data needs
to be reviewed. The cvaluator is expected to review these voluminous data 1o his/her satisfaction, but not
necessarily include them in the Evaluation Worksheet because that would be an extremely time-consuming
tedious process. However, the evaluator may, in some cases, wish to record, catalog, and manage these
data. Information also can bec organized into data bascs for future reference.

It is emphasized that the cvaluator using the evaluation method developed in this report must be a
qualified professional with considerable cxperience in building technology and structural design and
construction. Although data can be collected and processed by an evaluation team, the points in the
Rating Sheet must be derived by professionals or personnel under their direct supervision.

The Evaluation: Step-by-Step Instructions

This chapter has presented a very detailed account of the evaluation procedure. To summarize, the
following steps are rcquired for cvaluating a structural system or component:

Step 1. Establish and identify the performance criteria for each specific attribute (or subattribute) for

the particular structural system. This process is facilitated by Tables Al and A2 in Appendix A, which
contains appropriate rclcrences to USACE/Army/DOD regulations and to approved codes/ standards.
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Step 2. Then determine what action is required 1o (est the performance of a structural system or
affected component by consulting the "Required Test No.” column from Table Al. A checklist of items
that nced to be investigated can be prepared to help guide the evaluation process.

Step 3. Collect information to support an cvaluation. Examples arc drawings, specifications, design
calculations, laboratory test results, and ficld investigations, which constitute the objective part of the
evaluation (i.c., the first five columns of the Rating Shecet, shown in Figure 6).

Step 4. Based on the information collected in Step 3, complete the Attribute Evaluation Worksheet
(Figue 7) with obscrvations and comments related to the system’s success or failure in mecting the
performance criterta.  Assign a letier rating for cach specific attribute.  This rating will be useful for
making objective judgments about cach specific auribute.  The numcrical judgment rating for each
attribute is, however, bascd on your overall degree of satisfaction and is cntered in the lower parnt of
Figure 7 after each specific attribute has becen considered. Transfer these points as scores to Figure 6
under the "Engincering Data” heading.

Step 5. Obtain an appraisal of the structural system in terms of the attribuics from developers, owners,
designers, and current uscrs, if possible, through questionnaircs or by telephone or personal intervicws.
Obtain scores based on your degree of satisfaction from the interviews and from reviewing publications
and entcr these in Figure 6 under the "Empirical Data” heading.

Step 6. Add the scores along cach row (i.c., for cach attribute) in Figure 6 1o achicve score X and
multiply this valuc by the weighting factors Y from Table B2 for the appropriate type of occupancy to
obtain the weighted score S, Enter this score in the last column of Figure 6.

Step 7. Add the weighted score S for all of the N attributes to obtain the Cumulative Score Rating.
The SGR is next obtained by dividing the Cumulative Score Rating by the total number of attributes, N.

triltding Technology:

vty ibhate No, Name of Attribute:

Specific Attribute Observat ion/Comment s Rating

Rating ot Attribute for “Fngineering Date':

Field
HEACE/Army /DOD Codes/ St dn, Foll-Scale Tests Mndel/Sample Tests Investigations

Figure 7. Example of Attribute Evaluation Worksheet.
Material codes are listed in Appendix A.

38




6 EVALUATION OF THE TUNNEL FORMING SYSTEM

Volume I of this report describes how the prototype BTFE cycle was used to identify 21 building
technologies with potential application to USACE. After the first three steps of the cycle were coinpleted,
two building systems emerged as the most promising: the Tunnel Forming System and the Composite
Panelized System. Each technology was evaluated independently using the detailed procedure described
in this volume for investigating structural systems and components.

Structural System Description

Concrete is often used as a structural material for modular building construction. One concrete system,
called the Tunnel Forming System, originated in Europe, and has becn used primarily in California and
Florida in the United States. With the Tunnel Forming System, slabs and walls are poured simultancously
using reusable shect metal half- or full-tunnel forms. Full-tunncl forms look like an inverted U from the
end, and half-tunnel forms look like an inverted L from the end. The soffit form and wall forms are all
one picce of formwork, erected and stripped as a single unit. Usc of half or full tunnels depends on the
room width, form weight, and crane capacity. The form size is adjustable to match the specified size of
the room or building unit. Descriptive brochures by Outinord Universal Co. and Aarding Forms are
included in Appendix C, along with sketches showing thesc system concepts.

Information Collection

Contacts for obtaining information from the manufacturers/promoters of the building systems were
identificd from in-house sources. For the Tunnel Forming System, the following two organizations were

contacted:

1. OQutinord Universal Co.
21 N.E. 166th St.
North Miami Beach, FL 33162
Telephone: (305} )47-3852

.r\)

Aarding Forms Inc.

8034 Decering Ave.

Canoga Park, CA 91304
Telephone: (818) 883-4990

Initial information was collccted by telephone interview. Later, these organizations sent technical
manuals and other litcrature. Further data information was gathered by field trips to Aarding Forms, Inc.,
and Outinord Universal Company.

While in Califomnia, the cvaluator discussed the Aarding forms and system with Mr. Ivan Warren,
Vice-President, and Mr. Jacques Swatz, Managing Dircctor, on December 16, 1987, Aarding is a small
firm with a few full-time employees. The production plant is located in Holland and the tunnel forms are
imported to the United States. Mr. Schwatz explained the technical details of the system and Mr. Warren
explained the other gencral and nontechnical aspects. Mr. Warren emphasized the economy and
convenience of the system and the advantage of accessibility to European technology. He also provided
several contacts who have been involved with this sysiem as designers, contractors, users, and developers.
Mr. Warren provided photographs of buildings in which the Aarding system has been used. The evaluator
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documented all relevant data necessary for the cvaluation. Design calculations for this system were done
by structural designers following ACI and other applicable codes.

In Florida, the evaluator mct with Mr. Dick Doster, General Manager of Outinord Universal Co., on
March 8, 1988. Outinord is a small firm with a few full-time employces and represents the largest tunnel
forming operation in the United States. The production plant is located in France and the tunnel forms
arc imported. Mr. Doster and Mr. Michel Rybarczyk explained the technical, nontechnical, marketing,
and construction details of the sysiem.

The evaluator also met with Dr. Tscng, who owns a scparate structural consulting firm and consults
for projects that use the Outinord Tunnel Form. Dr. Tseng cxplained the structural design details of this
system and answercd questions poscd by the evaluator. Mr. Doster and Mr. Rybarczyk accompanicd the
cvaluator to several construction sites in the Miami Beach area where tunnel forms are being used for
residential apartment and condominium projects.  In addition, Mr. Doster showed the cvaluator some
completed projects. Altogether, 10 sites were covered. The evaluator took pictures of both the complcted
and in-progress projects. Mr. Doster also gave the evaluator photographs of complcted projects and some
sketches, along with the names of contacts who could provide speciflic information on tunnel forms. The
cvaluaior obtained enough data fu  n evaluation and also inspected other documents made available. On
March 9, the Evaluator visited the Caribbcan Bay Hotcls (one of the 10 sites) which were under
construction ncar Epcot Center at Disney World. This complex project used Outinord Tunncl Forms.

Evaluation

The Tunnel Forming system was evaluated following the systematic procedure devcloped in this
recport.  Details of the numerical evaluation arc presented in Appendix D. The Rating Sheet appcars as
Table D1. The objective part of the evaluation under the "Engincering Data" heading was derived from
the Attribute Evaluation Worksheets (Appendix D). The subjective part of the evaluation was based on
the intervicws, publications, telephone surveys. A list of persons contacted is included in Appendix E.

Results
The SGR value determined for the Tunnel Forming System is 49 (Table D1). Thus, it appears that
the Tunncl Forming System is suitable for USACE construction of residential buildings since it is slightly
above the "good” range (i.c., it is expected to perform better than average). However, before deciding to
sclect this system, further investigation is required for the issucs that lowered the rating from "excellent”
to "good." Major advantages and limitations of the system arc described below.
Advantages
The evaluation found the following advantages of the Tunnel Formin.; System:
*  Because of the modular construction and mechanized forming technique, construction
speed is a major advantage. [t is estimated that concrete for about 2500 to 3500 sq ft*

of floor can be pourcd in a single day.

. Concrete has an excellent finish and can be textured easily.

"A melric conversion table appears on p 49,
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Limitations

Electrical conduits and other pipes can be placed and concrete cast in an orderly sequence
because of the modular type of construction.

The system might be more cconomical than conventional systems for large construction
projects. However, this would necd verification.

Once a modular type of construction is selected by the owner, architect, and others
involved in a project, there is considerable architectural freedom for configuring the
building in specific modules. Modular construction also is very suitable for residential
construction.

The Tunnel Forming System is adaptive to prefabricated or unitized construction.

This sytem actually is a concrete forming technique and not a structural system. No new
structural concept is involved. Therefore, the structural integrity of a tunnel-formed
building would be similar to a reinforced concrete building. Codes and regulations are
identical to thosc for any rcinforced concrete building. Being rigid, buildings constructed
with tunnel forms are structurally very adequate and expected to perform well, even in
seismic zones.

Other positive aspects of concrete modular construction are predicted to be energy
efficiency, adaptability to humid environments, durability, acoustics, and fire resistance;
more substantive data would be required to verify some of these claims.

The maintcnance cost is low.

The Tunnel Forming System also was found to have limitations, as summarized below:

It is uneconomical for small projects. Economy is achieved for a project when the floor
area is at lcast 50,000 to 100,000 sq ft as for barracks and hotels, and where the
architectural configuration is very linear. For rental projects (e.g., apartments, town-
houscs), the fcasible minimum floor area is approximately 200,000 to 250,000 sq ft.
These cstimates arc based on builders” ¢xperience and require verification through an
cconomic analysis.

Because the system is modular, it demands rigorous project planning and systematic
scheduling. A high degree of coordination is essential. Therefore, construction may be
halted if there is a breakdown or delay during any one phase since the system depends on
strict, progressive scheduling. (It is noted, however, that a strict schedule may yield a
better product in some instances.)

Initial mobilization of the tunncl forms is difficult because the forms must be ordered,
delivered, and set up before construction can begin. (Once the speed of construction has
been cstablished successfully, the mobilization cffort diminishes to the extent of any
routine construction method.)

Since the Tunnel Forming System depends on a production-oriented method of
construction, personncl expericnce, skill; and training are vital to the success of a project.
As a result, this systcm may not be cost-cffective in arcas where labor rates are high or
there is a unionized labor market.
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¢ Inresidential construction, it is sometimes necessary 1o modify the building configuration.
This is difficult, if not impossible, with tunnel formed buildings since the concrete walls
arc pcrmancnt.  Architectural planning of buildings using this system must be done
keeping this fact in mind.

¢ The initial building design must be specific to tunnel forms. Therefore, designers must
wait 1o start the design process after the decision to use a Tunncl Forming System has
been made.  However, this sysiem may be suited to plans not originally intended for
tunnel forms with some adjustments.

*  The cost of a wnnel forming operation could be considerable if a construction project is
located in a remote arca. The need to ship the forms to the site and the absence of an
infrastructure will incrcase overall cost.

Summary of Findings
To summarize the cvaluation results:

1. The Tunncl Forming System is suitable [or residential-type, low-risc Army facilitics. The system
generally conforms to existing USACE criteria. 1t could be modified to include any new USACE criteria
unless they depant drastically from ¢xisting oncs.

2. The Tunnel Forming System is expected to perform well and catcer to the overall nceds of USACE
residential construction projects.

3. The Tunnel Forming System mcets the genera! requirements of good construction practice and
standards, and can be used for non-USACE construction projects as well.

4. The system has some limitations that should be considered by the design professional or evaluator
before making a final decision on its suitability.

In general, however--regardless of the system’s limitations--it appears to be suitable for USACE
construction. Actual usc of any system will largely depend on many considerations (e.g., budget, project
goals) other than the structural performance ol a system. In particular, since the cost of a structural systcm
is important 10 the owner, il is reccommended that a comprehensive cconomic analysis be conducted to
compare the candidate system with other currently available structural systems.

It should be noted that no full-scale tests were conducted for the Tunnel Forming System.  Although
such tests are not required by codces, they are desirable for new systems.  Since the Tunnel Forming
System is not a new structural concept, full-scale tests arc paramount as for new systems, but are desirable.
On this basis, the rating (SGR valuc) for the Tunncl Forming System could have been higher than 49.
However, in our opinion, such tests should not be overloaded for any new system and therefore the system
cannot be assigned a high rating without it. It appcars that the Tunncl Forming System has created
substantial impact in California, Florida, and other parts of USA with the exception of the East Coast.




7 EVALUATION OF THE COMPOSITE PANELIZED SYSTEMS

Structural System Description

Three products that use compositc panelized technology were evaluated: the Covington, Truss-Tech,
and Strickland systems. Appendix C contains product literature from all three systems. Covington and
Truss-Tech are similar in that both use the basic concept of composite sandwich panels. The Covington
panels have been available for a much longer time than Truss-Tech panels and were introduced with a
system called "W-Panels." Truss-Tech emerged as a modification and extension of the Covington panels.
The Covington panels consist of 3-in. deep, 14-gauge wire Warren trusses spaced 2 in. on centers, with
preformed 2-1/4 in. thick insulative foam (expanded polystyrene) strips between each truss. The assembly
is held together with 14-gauge wires welded to the trusses on 2-in. centers forming a 2 in. by 2 in. wire
cage on each face of the pancl. The two faces of the panels are plastered in the ficld by spraying plaster
or gunite. Precast pancls are also available in 4-ft width and 6- to 14-ft length in increments of 2 in.
After plastering, the panel thickness is 4 in. or morc. The panel acts as a composite structural member
due to shear transfer from one skin to the other through the trussed clements.

Truss-Tech Panels are 4 ft wide and vary in length from 8 to 40 ft and in thickness from 3 to 4 in. in
increments of 1 in. The panel’s wire cage uses a three-dimensional steel truss for shear transfer. These
panels are available in diffcrent wire gauges. The polyurcthane core is placed between chord wire facings
and located as required to meet structural and insulation requirements.

The Strickland System concept differs from the other two products in that it is a modular concrete
forming system in which concrete is poured into metal forms, which are highly mechanized, at a precast
concrete plant or casting yard. Once the concrete hardens, the inner forms are "shrunk” mechanically and
removed. The precast concrete modular units are then transported to the construction site.

Information Collection
For evaluating thc composite panelized systems, the following firms were contacted:

1. Covintec Intemnational, Inc.
375 South Cactus
Rialto, CA 92376
Telephone: (714) 875-7263
(800) 543-3040

2. Truss-Tech Building Systems
10955 Hemlock Ave.
Fontana, CA 92335
Telephone: (714) 822-3360

These arc the only two firms that manufacture and promote the two panel systems in the United

States. Covintec has operations primarily in the California area as well as internationally. Truss-Tech
operates in the United States only, primarily on the West Coast.
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The Strickland System is manufacturcd and promoted by:

3. Sirickland Systems, Inc.
233 Tresca Road
Jacksonville, FL 32211
Tclephone: (904) 725-8500

Initial information for all systems was collected by telephone. The manufacturers later sent technical
manuals and other literature. Further information was gathered by field trips to Covintec Intemational,
Inc., Truss-Tech Building Systems, and Strickland Systems, Inc.

The cvaluator first visited Covington and Truss-Tech in Califomia. On December 15, 1987, the
evaluator met with David Stevenson, General Manager, and Dan Jessup, Marketing Manager of Truss-Tech
Structural Systems. The plant is located at Fontana, CA. The initial W-Panel system was approved in
1981 by ICBO, although no such approval exists for the Truss-Tech System (i.e., the modified covingion
panch. The firm has a few permancnt employces and the system has one patent, with 13 more pending.

The evaluator was given an extensive tour of the plant. Various technical and nontcchnical issues
were discussed at length. Calculations, technical literature, names of contacts, photographs of buildings,
test results and certification, dctailed sketches, and other matcrials were given to the evaluator. In
addition, buildings constructed using W-Panels were tourcd. No buildings using Truss-Tech Panels were
under construction in the vicinity of Fontana.

The evaluator collected all information needed for an evaluation and inspected the various documents.
The system can be used for civil and municipal structures other than buildings. Because of the variety
of panel dimensions, it can also be used for high-rise and mid-rise apartment or office buildings. Sevcral
photographs of buildings that usc the Truss-Tech System along with the names of designers, builders, and
other contacts were sent to the evaluator by Mr. Stevenson after the trip.

The evaluator next met with Mr. Donald Lloyd, President of Covintec Intemnational, Inc., at his office
in Rialto, CA, on December 16, 1987. The company’s head office and plant are located in Rialto, with
the corporate office at Fullerton and smaller offices at Sacramento and San Diego, CA. The total number
of cmployees varics from 200 to 300. There is a large number of patents for the system in the United
States and trademarks also arc available in forcign countrics. ICBO approval has been obtained.

The evaluaior toured the large plant facilitics and an onsite model building made of Covington Pancls.
Mr. Lloyd cxplained and demonstrated the operations during the manufacturing process. The evaluator
also inspected a subdivision in Rialto where most homes were built using the Covington Panels. No
buildings using the pancls were currently under construction in the vicinity.

The evaluator obtaincd copics of the data required for an evaluation, including photographs of
buildings and other important documents (e.g., building plans, design calculations, test results and
certifications, publications). The evaluator also inspected other documents made available during the visit.
Names of contacts were provided during the meeting and more names were later sent to the evaluator.

On March 9, 1988, the cvaluator, accompanicd by Mr. Jerry Koslowski, Vice-President of Strickland
Systems, Inc., visited the Florida Mining and Matcrials Precast Yard at Tampa, FL. Prison cclls were
being cast during the visit. These cells were 10 be shipped to other construction sites. The evaluator took
pictures of the forms and complcted cells.  Later, the evaluator visited two plants owned by GMF
Industrics at Lakeland, FL where the metal forms are manufactured. Afterward, the evaluator visited the
Ramada Inn at Kissimee, FL, which was built using precast concrete modular units.
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Building System Evaluation

Each system was evaluated following the cvaluation procedure developed in this report. Results of
the numerical cvaluation arc presented in Appendix D, along with the Attribute Evaluation Workshect.
The Rating Sheet is presented as Table D2, Appendix E lists points of contact.

During the carly phascs of cvaluating the Strickland System, some facis emerged that suggested this
technology may not bc suitable for USACE construction, especially for Army barracks where large
building modules are rcquired. The main problem is in the logistics of transporting large units (e.g., 14
by 22 ft, 12 by 20 ft) from onc location to anothcr. Evcen though a casting yard could be established at
the site of a large construction project, transporting and erecting the large units may still pose considerable
difficultics. As such, no detailed cvaluation of this system was pursucd.

It is rccognized that this system may have many practical merits. For cxample, it may be very
adaptive to certain types of construction. In addition, as an industrialized system, it promiscs good quality
control because the concrete is pourcd in a controlled environment. Thus, a detailed evaluation of this
system may have resulted in a high SGR valuc. However, since it is not suitable for construction of Army
barracks and residential quarters involving large modular units, a SGR value would be of little
significancc. USACE may wish to consider this system for other types of military construction projects
where there is a better potential for success.

Results
Suitability of Building Systems for USACE Construction

The combined SGR for the remaining iwo Composite Panclized Systems evaluated is 45. Thus, it
appcars that this technology is suitablc for USACE construction of residential buildings since it ranks in
the "good" category (i.c., it is cxpecied to perform better than average). However, before deciding to
select one of these systems, further investigation is required to address the issues that lowcered the rating
from "cxcellent” to "good." The advantages and limitations of these systems are summarized below.

Advantages
The two panclized systems were predicted to have the following advantages:

d They are suitable for both modular and nonmodular construction and for large and small
projects. Modular, large projects will be more cost-cffective.

. The plaster can be (extured casily.

. The strength, proportions, and dimensions of Truss-Tech pancls can be varied to meet
individual nceds. (This is not true for the Covington Pancls for which the degrce of
fiexibility is limited.)

. The construction mcthod is rclatively casy. Even though the method is production-
oricnted, the skill and cxpericnce of the construction crew arc not as critical. although this
cxpertise is desirable.

. Although composite sandwich pancls arc used in this system, the type of construction is

basically monolithic, since plaster is applicd in the field. It is generally a good structural
system for small buildings and is suitable for scismic zones as well.
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Limitations

Integration of mechanical and clectrical conduits into the systems is relatively straightfor-
ward since the plaster is appliced in the field.

There is considerable architectural freedom in configuring the building,.

The systems can be used in both residential and commercial applications.

The systems arc adaptive to prefabricated or unitized construction.

The systems may perform well in terms of energy demand, humid environments, durability,
fire-resistance, and acoustic needs; however, more substantive data are required to verify

these claims.

The maintenance cost is low.

Composite Panclized Systems were found to have the following limitations:

There is no adequate infrastructurc for plastered construction in the United States.
Although such systems have a potential market abroad, particularly in developing countries
where the brick-and-plaster type of construction prevails, it may have limited acceptance
here. Wood-frame construction is more common in the United States for homes and small
apartment buildings; extensive plastering is unconventional. Prospective owners usually
do not wish to depart from the traditional systems (i.e., wood-frame, masonry walls, and
metal deck floor) unless there is enough justification for it.

Further, since plastering is cxpensive, these systems are expensive with respect to wood-
frame construction or even stud-and-stucco structures, although it could be economical with
respect to alternatives such as concrete tilt-up construction. A detailed cost analysis would
be required to establish the economic feasibility of this system more objectively.

Conventional floor panels typically span a maximum limit of about 8 to 12 ft. Composite
panels can span this distance, although a span of 12 ft for Covington Panels requires the
usc of rcinforcing bars. Truss-Tech Panels can span considerably greater lengths with
additional reinforcing and increased pancl thickness. The span limitations and requirement
for supporting beams may result in additional cost and loss of headroom. A combination
of wood trusscs and joists with composite wall pancls may be economical, although this
arrangecment would diminish the significance of composite panelized technology as a "total
system."”

Thesc products represent a nontraditional structural system that employs a new structural
concept. Therefore, great care must be cxercised in designing structural details for unusual
conditions.

Modification of the building confliguration is difficult once a building is constructed since

the walls are pecrmancnt. It may be advisable to avoid composite wall panels where such
changes arc anticipated.
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Summary of Findings
The cvaluation results can be summarized as follows:

1. The Comnacite Panel Systems are suitable for residential-type, Yow-risc Ammy facilitics. These
systems generally conform to cxisting USACE criicria.  They could be modificd to include any new
USACE criteria unless the new critcria depart drastically from the existing ones.

2. It appears that, in ccrtain cases where modular construction is not required or desired, Composite
Panelized Systems arc a feasible option.

3. The Composilec Pancl Sysicms mect the general requirements of good construction practice and
standards, and can bc uscd for non-Corps construction projects as well.

4. Therc are some limitations for these systems that should be considercd by the design professional
or cvaluator beforc making a dccision about their suitability.

In genceral, though, regardless of the limitations discovercd, these systems appear to be suitable for
some types of USACE construction. Actual usc of such a system will most likely depend on many
considerations other than structural integrity (c.g., budget, projcct goals). In particular, since the cost of
a structural systcm is important to the owner, it is rccommended that a comprchensive economic analysis
be conducted to compare the candidate system with other currently available structural systems.

It should be noted that, for the Compositc Panclized System, no full-scale tests were conducted.

While such tests arc not required by codces, they arc desirable for any new system. The absence of such
test results for the Composite Panclized System is certainly bound to lower its overall rating.
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8 CONCLUSIONS AND RECOMMENDATIONS

This report has developed a systematic mcthod for evaluating new or innovative building technologies.
This same approach could also be used to assess the performance of existing technologics (ie, 35 a
mcchanism for systcm qualification).

The procedure described in this report was developed specifically for cvaluating structural systems and
their components. It is intended to provide a comprehensive, rational, scientific approach for investigating
a singlc technology or for comparing two or more altcrnative systems to select the one best suited for
military construction. While it is rccognized that accurate data about building sysiems are dilficult to
obtain, this method attempts to overcome that obstacle by collecting many different kinds of information
and subjecting it to both qualitative and quantitative analyses. Thus, a numerical rating system is
combined with sound cngincering judgment to dcicrmine a system’s suitability for a given application.

The proposcd method was uscd to evaluate two tecchnologics that had previously been identified as
promising for USACE construction (scc Volume I of this report). The two technologies investigated were
Tunnel Forming Systems and Composite Panclized Systems. Two tunnel forming technologies were
evaluated: the Outinord Systcm and Aarding Forms. Similarly, two composite panelized technologies
were considered: Covington Pancls and Truss-Tech Pancls. A related product, the Strickland System, was
subjected to initial evaluation but was excluded from further consideration due to logistical problems (i.e.,
the requircment to move very large, preformed concrete units to the construction site).

Based on the results of these cvaluations, it is concluded that both Tunnel Forming Systems and
Composite Panelized System mect the requirements of good construction practice in general and USACE
criteria in particular. Although no comparison was intcnded, it can be projected that the Tunnel Forming
System would have wider application and would better mect USACE’s nceds for residential projects
involving modular construction than would Composite Panclized Systems. When modular construction
is not required or desired, the Composite Panclized System can be expected to be the superior option.

A major advantage of the Tunncl Forming System is the speed of construction it permits, which is
important for large construction projects. The primary disadvantage is that it is not economical for small
projects.

The main advantage of Composite Panclized Systems is that they are suitable for both modular and
nonmodular construction and for large and small projects (although large, modular structures would
probably be more cost-cffective). A major limitation to these systems is the lack of a mature construction
market for plastered construction in the United States. An additional drawback is the limited span possible
with the pancls. Howcever, with further development and testing, this problem could be overcome for
barrack-type construction if the product could be customized to meet the span rcquirements.

The investigation described in this report has shown that the proposed evaluation method can be used
successfully to select technologies for USACE construction. It is important to recognize that any product
or system bcing considcred for use in military construction must be scrutinized as usual through
cngincering and cconomic analyses based on the project mission and site-specific conditions. The entire
BTFE cycle (including the cvaluation process) is intended as an organized mcthod to help decision-makers
screen new or innovative technologies with potential application to USACE. The primary goal is to ensure
that USACE is using statc-of-thc-art products and systems that provide the best quality facilitics at the
lowest possible cost.
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It is recommended that USACE adopt the BTFE cycle as a standard approach to identifying and
evaluating building technologies. In addition, it is recommended that the procedures be further enhanced
through the development of technology data bases and decision-support software.

METRIC CONVERSION TABLE

lin. = 254cm
1ft = 0305m
Isqgft = 0.092m?
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APPENDIX A:
BUILDING STANDARDS/CODES USED IN THE EVALUATION

This appendix lists the various standards and codes considcred in the building technology evaluation.
In addition, it contains the tablcs developed from the performance criteria identified. Table Al was
explained adequately in the text. Table A2 was not discussed in detail and merits further explanation here.
USACE, DA, and DOD regulations werc reviewed for performance criteria relating to the identified
structural system attributes. While no list of performance criteria can be complete because performance
expectations depend on specific goals and situations. Table A2 reflects the general expectations for

structural system performance. Only information that could be retrieved from the documents and that
relates to the evaluation is included in Table A2. This table can be expanded as new information becomes

available.

Performance criteria are listed according to structural sysiem attribute, material, and structural
component. Abbreviations for rcferences, attribute and material codes, and regulations reviewed are iisted
below. The documents reviewed also are listcd in the Federal Construction Regulations Service Index,

March-April 1987. :

Material Codes

0 General

1 Steel

1A Stecl, Light Gauge

2 Concrete, Cast-in-Place

2A Concrete, Precast/Prestressed

2B Concrete, Composite With Metal Deck
2C Concrete, Thin-Shelled

3 Aluminum

4 Masonry

S Timber

6  Structural Mctals (Steel or Aluminum)
7 Required Coatings

8 Cement Plaster

9 Reinforcing Stecl
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9A Concrete Reinforcement

9B Masonry Reinforcement

9C Welded Wirc Fabric (WWF) and Other Misccllancous Reinforcing Material

Federal Construction Regulations Referenced in Table A2

Depariment of Defense

DOD 4270.1-M

Department of the Army

Technical Manuals.

TM 5-809-1
T™ 5-809-5
™ 5-809-4
T™ 5-809-9
TM 5-809-10
T™ 5-809-11

TM 5-853-1
T™ 5-1300

Load Assumptions for Buildings

Masonry Structural Dcsign lor Buildings

Steel and Aluminum Structural Design for Buildings

Structural Design for Thin-Shell Roof Construction

Scismic Dcsign for Buildings

Design Criteria {for Facilitics in Arcas Subject to Typhoons and
Hurricancs

Designing for Sccurity

Structures to Resist the Effects of Accidental Explosions

U.S. Army Corps of Engineers

[AEI-DC]
6.6
CE-R-03.1
CE-R-04.1
CE-R-(4.2
CE-R-05.2
CE-R-15.7

Architectural and Engincering Instructions - Design Criteria
Glue Laminated Structural Timber

Concrete

Masonry

Reinforced Masonry

Steel Roof Deck

Sprinkicr Systems, Fire Protection

Guide Spccifications.

CEGS-03300
CEGS-03301

CEGS-03330
CEGS-03410
CEGS-03414
CEGS-03510
CEGS-04200
CEGS 04230
CEGS-05061
CEGS-05120
CEGS-05311
CEGS-07265

Concrete for Building Construction

Concrete for Building Construction (Minor
Requircments)

Cast-in-Place Architectural Concrete

Precast Concrele Floor and Roof Units

Precast Roof Decking

Roof Decking, Cast-in-Place Lightweight

Masonry

Reinforced Masonry

Ultrasonic Inspcction of Weldments

Structural Stcel

Steel Roof Deck

Spray Applicd Fircprooting
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CEGS-09200 Lathing and Plastcring

CEGS-13120 Mectal Buildings

CW-03101 Formwork for Concrete

CW-03150 Expansion, Contraction and Construction Joints in Concrele

Cw-03210 Steel Bars, Welded Steel Wire Fabric and Accessorics for Concrete
Rceinforcement

Cw-03230 Stressing Tendons and Accessorics for Prestressed Corncrete

CW-03301 Cast-in-Place Structural Concrete

Cw-03425 Precast Prestressed Concretc

CW-05501 Metalwork Fabrication, Machine Work and Miscellaneous Provisions

Engineer Manuals.

EM 385-1-1 Safety and Health Requircments Manual
EM 1110-1-2101 Working Stresses for Structural Design
EM 1110-2-2000 Standard Practice for Concrete

Enginecer Pamphlets.

EP 385-1-30 Scaffolds Safe Operating Procedures
EP 385-1-34 Placement of Prccast Concrete Panels Safe Operating Procedures
EP 385-1-50 Steel Reinforcing of Concrete Safc Operating Procedures

Engineer Regulations.

ER 1110-345-100 Design Policy for Military Construction
ER 1110-345-700 Design Analyses

Engincer Technical Letter.

ETL 1110-3-328 Computer Program CBARCS for Designing Structures to Resist the
Effects of Accidental Explosions

ETL 1110-3-340 Fire Protection Criteria

MOGS-03302 Concrete

MOGS-05121 Structural Steel

Abbreviations for Codes/Standards Referenced in Table A2

ACI SP4 American Concrete Institute, "Formwork for Concrete”
ACI SP-66 Amcrican Concrete Institute, "ACI Detailing Manual - 1980"
ACI 214 Amcrican Concretc Institute, "Recommended Practice for Evaluation of Strength

Test Results of Concrete”
ACI 301 Amcrican Concrete Institute, "Structural Concrete for Buildings"

ACI 315 Amcrican Concrete Institute, "Manual of Standard Practice for Detailing Reinforced
Concrete Structures”
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ACI 318

ACI 347-78

ACI 523.3R

AISC

AISC-JTS

AlSI

AITC
ALUM

ANSI-A10.9

ANSI B46.1

ANSI-PW

ANSI-RM

ASHRAE

ASNT

ASTM A 6

AWS
AWS D1.4

AWS-WBC

Amecrican Concrete Institute, "Puilding Code Requirements for Reinforced
Concrete”

Amcrican Concrete Institute, "Recommended Practice for Concrete Formwork,"
Publication ACI 347-78

Amcrican Concrete Institute, "Guide for Cellutar Concretes Above 50 pcf, and for
Aggregate Concretes Above S0 pel with Compressive Strengths Less Than 2500
psi," Publication 523.3R-75 (Rev. 1982)

American Institute of Steel Construction, "Specification and Erection of Structural
Steel for Buildings”

Amcrican Institute of Steel Construction "Specification for Structural Joints Using
ASTM A325 or A490 Bolts” (August 14, 1980)

American Tron and Steel Institute, "Specifications for the Design of Cold-Formed
Steel Structural Members”

Amcrican Institute of Timber Construction, "Timber Construction Standards”
The Aluminum Association, "Specifications for Aluminum Structures”

Amcrican National Standards Institute, “"Safety Requircments for Concrete
Constructior and Masonry Work," ANSI A10.9

Amcrican National Standards Institute, "Surface Texture (Surface-Roughness,
Waviness, and Lay),” Publication B46.1-1978

American National Standards Institute, "Plain Washers," Publication B18.22.1-1965
(Rev. 1981)

Amcrican National Standards Institute, "Amecrican Standard Building Code
Requirements for Reinforced Masonry™

Amcrican Socicly of Hcating, Refrigerating and Air-Conditioning Engincers,
Handbook, Fundamentals (1985 and Errata)

Amcrican Socicty for Nondestructive Testing, "Personncl Qualification and
Certification in Non-destructive Testing” (August 1984), Supplement C -
“Ultrasonic Testing Mcthod” (1980), Publication SNT-TC-1A

Amcrican Society lor Testing and Matcerials, "General Requirements for Rolled
Steel Plates, Shapes, Sheet Piling and Bars for Structural Use”

Amecrican Welding Socicety, "Structural Welding Code - Stecl,” Publication D1.1-86
Amcrican Welding Socicty, "Structural Welding Code - Reinforcing Steel”

American Welding Socicty, "Code for Welding in Building Construction”
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BIA

CRD

IASS

MIL-STD-271E

MIL-STD-410D

NCMA

NFOPA

NLMA

PCI-PPC

PCI-QC

SCPI

SDI

SJ1

UBC

Brick Institute of Amecrica, "Reccommended Building Code Requirements for
Engincercd Brick Masonry"

U.S. Army Corps of Engincers, U.S. Army Corps of Engincers Handbook for
Cement and Concrete

International Association for Shell and Spatial Structurcs, "Recommendations for
Reinforced Concrete Shells and Folded Plates,” Medwadoski, S. J., Working Group
No. 5, Madrd, 1979

Military Standards, "Nondestructive Testing Requirements for Metals,” MIL-STD-
271E & Notice 1

Military Standards, "Nondcstructive Testing Personnel Qualification and Certifica-
tion (Eddy Current, Liquid Penetrant, Magnetic Particle, Radiographic and
Ultrasonic)”

National Concrete Masonry Association, "Specifications for the Design and
Construction of Load Bearing Concrete Masonry”

National Forcst Products Association, "National Design Specifications for Stress
Grade Lumber and Its Fastenings”

National Lumber Manulacturcrs Association, "National Design Specifications for
Stress Grade Lumber and Its Fastenings"”

Prestressed Concrete Institute, PCI Design Handbook-Precast Prestressed Concrete
(MNL 120)

Prestresscd Concrete Institute, Manual for Quality Control for Plants and
Production of Precast Prestressed Concrete Products, MNL 116

Structural Clay Products Institute, "Building Code Requirements for Engineered
Brick Masonry”

Stecl Dceck Institute, SDI Design Manual for Composite Decks, Form Decks, and
Roof Decks, 1984

Steel Joist Institute, "Standard Specifications and Load Tables, Open Web Steel
Joists and Longspan Stcel Joists,"” and a similar publication covering decp longspan
steel joists.

International Conference of Building Officials, Uniform Building Code, 1985
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APPENDIX B:
ATTRIBUTE WEIGHTING FACTORS

Input was sought from various professionals to determine the weighting factors for the 12 selected
attributes. Different types of occupancy were included in the survey. Twenty-four organizations were
approached and a total of 12 responses were received; in addition, the authors of this report had input.
One response was excluded because it was incomplete. A simple approach was adopted to derive the
weighting factors. The value of the rating that constituted the majority of responses for each attribute for
a particular type of building occupancy was used to calculate weighting factors. These values are shown
in Table B1 and are designated as "R.”

Table B1

Values of Maximum Rating (R)

Occupancy Type
Attribute
No. (N) Emergency Institutional Residential Commercial Industrial
1 S 5 5 5 5
2 5 4 4 4 5
3 5 5 5 5 N
4 4 4 5 3,435 3
5 4 4,5 (4.5) 3 3,4 (3.5) 3,4(35)
6 3 3 4 4 3,4(3.5)
7 4 4 3 4 4
8 3.43.5) 4 4 3 4
9 2 3,4 (3.5) 4 4 4
10 3.43.5) 3 3 3 3
11 4 4 3 3.4(35) 2.4
12 5 4 3 4 5
R- a8 a8 a6 465 a8
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The weighiing factor was calculated by the formula Y = (1 + R)/R, where Y is the weighting factor
for the attributes. These weighting factors are listed in Table B2. Since these values are based on input
by professionals who included, for example, structural engincers, architects, and contractors, the weighting
factors are believed o be reliable and can be used lor future projects involving different types of

occupancy.

Following the tables is a samplc of the letter sent to professionals in the field. A list of persons
contacted is at the end of this appendix.

Table B2

Attribute Weighting Factors (Y)

Occupancy

Attribute

No. (N) Emergency Institutional Resldential Commercial Industrial
1 1.104 1.104 1.109 1.107 1.104
2 1.104 1.083 1.087 1.086 1.104
3 1.104 1.104 1.109 1.107 1.104
4 1.083 1.083 1.109 1.078 1.063
5 1.083 1.094 1.065 1.075 1.073
6 1.063 1.063 1.087 1.086 1.073
7 1.083 1.033 1.065 1.086 1.083
8 1.073 1.083 1.087 1.065 1.083
9 1.042 1.073 1.087 1.086 1.083
10 1.073 1.063 1.065 1.065 1.063
11 1.083 1.083 1.065 1.075 1.063
12 1.104 1.083 1.065 1.086 1.104
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Sample Letter

October 5, 1987

Dear Sir(s):

A study on the evatuation and forecasting of emerging building technology and structural systems is
currently being conducted by the University of Illinois. The study has been sponsored by the U.S. Army
Corps of Engineers, Construction Enginecring Research Laboratory. The findings of the study will be
used by the U.S. Amy Corps of Engineers for future military construction projects in the USA.

Please find enclosed a form that enumerates twelve selected structural performance attributes for a
typical building structure. Based on your rescarch, observation, experience, and personal judgment, what
importance do you think should be attached to each attribute for different types of occupancy? Separate
sheets briefly explaining the attributes and giving the scale of rating are attached for your convenience.
Please take a few minutes to fill out the form and retum it to me at your earliest convenience. The
information is required for developing suitable weight factors based on the relative importance or emphasis
of each attribute in rclation to the overall performance of the structure for the use of a particular structural
system for a project. Your help in this regard is greatly appreciated.

Thank you in advance for your time and collaboration.
Sincerely,
Enclosures
Mir M. Ali, Ph.D.

Associate Professor
Structures Division
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Enclosure

Explanation of Attributes (no particular order to listing)

Structural Safety:

Structural Serviceability:

Fire Safety:

Habitability:

Durability:

Constructibility:

Maintainability:

Architectural Function:

Economy:

Reclates to performance of the structure and its components
at the ultimate load. Ensures safety against collapse under
ovcerload conditions.

Dcfines the service behavior of the structure, i.e., cracking,
excessive deflections, etc. must be avoided, and the struc-
turc should have sufficient strength and be in stable equilib-
rium under service or working loads.

The structure must be as safe as possible against fire
hazards. In the event of a fire, the flame spread is con-
trolled and strength is maintained for a predicted number of
hours by providing adequate fire protection to the structural
components.

Decfines liveability in the building with regard to water
pcnetration, acoustic environment, thermal characteristics,
health, comfort, light, ventilation, and general safety in
rclation to structural scheme, planning, materials, building
form, etc.

Includes the ability of the structure and its elements to
withstand wcar and tear, weathering, creep and shrinkage
effects, environmental and chemical effects, corrosion, etc.,
and maintain dimensional stability during the life of the
building.

Easc of construction of the structural system, ability to
surmount site conditions such as transportation, material
handling, ercction, etc., adaptability to prefabrication and
unitized construction, tolcrances, simple connection detail-
ing, and similar considerations.

Includes matcrial resistance to deterioration, corrosion, and
chemical attack, repairability, ease of periodic inspection,
potential for remodcling, ctc.

Includes building form and scale relationship, span and size
limits of structurc componcents, interior space dcfinition,
subdivision, and scparation in relation to structural planning,
building cnclosure, etc.

Rclates to the cost of matcrial, labor and equipment,

construction spced, ease of design modification during
construction, mainicnance and management costs, etc.
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Compatibility:

System Integration:

Code Compliance:

Most important
Very important
Moderately important
Somewhat important
Least important

Organizations Surveyed

Skidmore, Owings and Merrill
33 West Monroe Strect
Chicago, IL 60603

Walker Parking Consultants
505 Davis Road
Elgin, IL 60123

Nayyar & Nayyar Intermnational
220 S. Statc Strect

Suite 1300

Chicago, IL 60604

Building Design & Construction
1350 E. Touhy Avenue
Des Plaincs, IL 60018

Construction Digest
7355 Woodland Drive
Indianapolis, IN 46278

Includes compatibility of connccting elements, favorable
interaction of joining materials, ability of structural mem-
bers to receive and retain coatings, etc.

The siructural system must be integrated with the architec-
tural design and other major building systems, e.g., power
and lighting, temperature control, HVAC, plumbing,
foundation and possible mechanical and electrical enlarge-
ment during the occupancy of the building.

Includes review of codes and builder’s claim as to code
acceptability, and satisfaction of any specific requirements
or criteria in conformance with acceptable practice, stan-
dards, or rcliable publications.

RATING SCALE

0
- N W h W

Person Contacted

Mr. John Zils
Associate Partner

Dr. Mo Igbal
Chief Structural Engineer

Mr. Sarv Nayyar

President

Editor

Editor
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10.

11

12.

13.

14.

15.

16.

17.

Progressive Architecture
600 Summer Streect Box 1361
Stamford, CT 06904

Engineering News Record
1221 Avenue of the Americas
New York, NY 10020

American Society of Civil Engincers
Civil Engineering Magazine

345 E. 47th Sircet

New York, NY 10017-2398

Esca Consultants

1606 Willow View Road
Suitc 2H

Urbana, IL 61801

Wickersheimer Engineers
821 S. Neil Street
Champaign, IL. 61820

Olsen-Lytle Architects
315 S. State Streei
Champaign, IL 61820

Russell A. Dankert & Associates
Architects Planners

303 West Springficld Avenue
Champaign, IL 61820

English Brothers Co.
807 N. Ncil Strect
Champaign, IL 61820

Abris Ltd. Architccts
214 W. Main Street
Urbana, IL 61801

Tumer Construction
55 W. Monroc
Chicago. IL. 60603

HTB. Inc. Architects/Engincers
P.O. Box 1835
Oklahoma City, OK 73101

KKBNA
225 N. Michigan Avcnue
Chicago, IL 60601
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Editor

Editor

Editor

Mr. Richard Payne
Vice-President

Mr. David Wickersheimer
President

Mr. Raymond Lytle
Partner

Mr. Russell Dankert
President

President

President

Mr. Robent Widing
(312) 558-7600

Keith Hinchey, P.E.
Dircctor of Structures, V.P.
(405) 525-7451

Mr. Shankar Nair
Vice-President
(312) 938-0595




18.

19.

20.

21.

22.

23.

24,

DeSimone, Chaplin & Associates
20 Waterside Plaza
New York, NY 10010

Baysidc Associates
Architects/Engineers
803 Summer Street
Boston, MA 02127

CBM Engineers

1700 West Loop Street
Suite 830

Houston, TX 77027

DeLeuw, Cather & Company
525 W. Monroc Street
Chicago, IL 60606

Richard Weingardt Consultants, Inc.
Structural Engineers

1401 17th Street

Suite 400

Denver, CO 80202

Gensler and Associates
Architects

2049 Century Park East
Suite 570

Los Angeles, CA 90007

Alfred Benesch & Company
233 North Michigan Avenuc
Suite 1700

Chicago, IL 60601
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Vincent DeSimone
President
(212) 532-2211

Paul LaRosa
President

Dr. P. V. Balavankar
Executive V.P.

Chief Structural Engineer
(713) 629-1982

M. F. Quirk
Office Manager
Structural Department

John Davis
Associate V.P.
(303) 292-5722

Mr. Edward Friedrichs
President
(213) 277-7405

Mr. Richard Parmelee
Vice-President
Chief Structural Engineer




APPENDIX C:

SAMPLES OF BROCHURES AND PUBLICATIONS COLLECTED
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o An efficient and simple method of
building in a sensible way and at lower
cost,

e A universal method to build everywhere
and without delay,

@ An industrial process for achieving
monolithic constructions of high
quality.

A formwork system
that enables you to cast
walls and slabs in

one single operation
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o Minimum investments
On average the small firm equips itself
to produce 20 to 100 apartments per
project at a rate of production of 2 to
5 apartmenis per week The
combination of balf tunnels of d.fferent
spans cnab'es a reduction in the basic
amount of equipment purchased

A method which can be
adapted to the requirements
of individual contractors

e Rate of Production e Adaption and flexibility
One or two apartments per day of For a now scheme the existing basic
k approximately 400/450 m* can be equipment can be modified or partly
produced by the formwork team and replaced in the folowing ways:
one crane - addition of infill panels
The capacity of the cranc and the - recombining existing horizontal
batching plant are determined as a panels
} function of the daily production rate - Purchase of further harizontal
panels
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SHUTTERING

AN INVESTMENT GIVING
MORE THAN AMPLE
RETURN OF THE COST
INVOLVED

,.The proper tool is half the job’’. With
this slogan in mind AARDING constructs all
their shutterings. As a matter of fact the
quality supplied by AARDING has its own
price. A shuttering of AARDING is not your
cheapest buy. But if you also keep in mind
the excellent price/quality proportion and
the lang service life of AARDING shutte-
ring, you will find out soon that in the end
you are making the most profitable invest-
ment. _

Itis not surprising, therefore, that
AARDING shuttering Is used in ever increa-
sing quantities, also on an international
scale.

Wherever the highest demands are made
as to quality, efficlency and service, the
AARDING shuttering Is preferred.

An investment more than worth the outlay.
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COVINGTON
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Save time.

Start with half your wall already built.

Here's the basic module A coat of portland cement The result is a steel-reinforcedd
of the building system: plaster is gun or hand applied concrete wall with excellent
a steel wire cage with a core of to the outside and inside. structural load bearing qualities
expanded polystyrene. No taping and mudding.

Contingous 14 gaugn
steel wie oloclacally
welded at each interectio

Coro ol 207 e b
oy(\ ndled polyatyrene

- e B gy

Tile. - Thin-set or float over brown coat

Porttand cement plaster
with finish rcont as esired

(e

Exterior portland
cement piaster.

Fire resistant rating: 1 hour: 1%" of portland cement plaster, both sides
2 hours: 1" poitland cement, plus Y27 lightweight
gypsum plaster or 2" lightweight porttand
cement. both sides

Thin brick and grout— Standard method.

Stucco - - Two or three coals, depending Thernmt lvnpm‘ Panels used for the roof as well as the walls in low-cost
on method housing  Mevien
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TRUSS-TECH
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New Building System Provides
Structural Strength, Insulation, Versatility!

The construction industry is experiencing a quantum
leap in the new variety of building materials, most of which
exhibit faster, more economical and versatile ways to meet
design needs.

Artist’s cut a way illustration shows typical Truss-Tech
Building System panel with polyurethane insulation core
on which Portland cement, plaster or gunite is applied to
complete the advanced technology building system. Heavy
wire cage provides strength and rigidity suitable to be used
for exterior walls, interior walls, floors, ceilings, all without
masonry, wood or metal framing. The system constitutes
the entire structure of the building and is fire resistant with
insulation and sound qualities that provide contractor with
additional advantages in time and cost.

Among those that are now available is the ot o
technology Truss-Tech building system now b vt ! -
in a wide range of used in the Southern Californrc e - o1
available nation wide.

The system provides a structural factory built panet in
various sizes and specifications and comes to the jubsite
pre-insulated and ready to use completely replacing cnctly
wood or steel framing.

After erection, the panels become a structural unitwith
Portland cement, gunite or plaster providing a wall of
amazing strength completely insulated, rot and termite
free, with an outstanding fire resistance

Interior walls of the Truss-Tech panels can be finiched as
the design requires with gunite or cement for industriaf
uses with plaster textures or apphed wood paneling for
more sophisticated commercial and office uses.

The factory made panels with theirpolyurethane in<ula-
tion core can be fabricated or cut into virtually any <hape or
angle without disturbing their structural integrity

The Truss-Tech System provides unusual spanning capa-
bilities with lengths 6-t0-40 feet and widths of four feet.
Also, although they require no framing the panels are 1<ed
for load bearing walls, floors and roof structures

The panels provide advantageous energy-saving aualities
In addition, their fire resistant and sound proofing capatii-
ities make Truss-Tech ideal fora wide variety of commercial
uses including motels, apartments and senior citizen
centers. The systems outstanding insulation factors provide
the ultimate material for cold storage warehousing

The panel's versatility is exhibited through its most
recent use in a large custom two-story home in the Sierra
Madre area.

The Truss-Tech panels have also been specified as
spandrel panels for a large California high rise. Along with
this current application, the system is in the planning <tage
for a multi-story southland hotel.

Regarding maintenance, the building system is durable
because of the concrete surfaces that also assures less
surface repairs, and repainting. Designed in accordance
with the Uniform 8uilding Code 1982 edition and Amernican
Concrete Institute Code Requirements for Reinforced
Concrete, (ACI 318-71).

The Truss-Tech Building System offices and factory are
located in Fontana, California.

Sun/C nast




Photo shows Truss-Tech panel, completed with thin set
type exterior bricks, ready to be installed at a major high
rise office complex. The handsome spandrel panel was put
in place in only a few minutes and secured with special pre-
installed fasteners.

The spandrel panels will be in the interior in conventional
fashion and will provide unusual strength and energy
saving qualities as well as meeting a critical construction
deadline that is requiring over 400 of the Truss-Tech
spandrel panels. O
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STRICKLAND SYSTEMS
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Now look what our
shrinking form has
done!

Port Manatee, Palmetto, Florida —
There's nothing else like it in the USA,
according to Arnold L. Brown, presi-
dent of POMCO Associates, the
Southeastern arm of the Case group of
construction companies.

Brown concedes that there are
two other jails with modular cells,
designed by the same architects. but
those cells were cast with conven-
tional "take-apart” forms. Brown.
on the other hand, is using forms with
the Strickland InForm core that
shrinks itself out of the concrete it
has just formed.

And this is the form, the Strickland
InForm, that casts those cells. The
InForm can cast all five sides of one or
two cells, walls and floorteiling, in just
one peur. And without a taper in the
form or the cell. (See back page.)

"The modular cells,” Brown said,
"that Watson & Company came up
vith are a new and innovative use
of precast construction.

"The Strickland forms are a new
innovation in modular forms. They
are 'state-of -the-art’ — much more
sophisticated, more innovative than
any forms we have seen before.

"Parsonally, I think this way of
casting modular cells is going to
be adopted more and more — when
the rest of the country sees the
guality and the price of the cells.
I'm really pleased with the quality of
the products”

Concrete InFormer

Published by Strickland Systems, Inc. Where ideas take concrete form.

The cells in this wall are just a few of thé 252 prison cells
that were cast with Strickland System’s shrinking InForm™
core. The modular cells are being stacked seven high in
the new Sarasota County Justice Center, designed by
Tampa architects Watson & Company.
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APPENDIX D:

NUMERICAL RESULTS OF EVALUATION
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APPENDIX E:

POINTS OF CONTACT

Name & Title Firm/Organization Date of Contact Structural
of Person System
Jim Strickland Strickland Systems, Inc. 9-17-87 Tunncl Form
President Jacksonville, FL
(904) 725-8500
Jerry Koslowski Strickland Systems, Inc. 2-17-87 Tuniiel Form
Vice-President, Jacksonville, FL
Marketing (904) 725-8500
Henk de Bruin Outinord Universal Co, 9-18-87 Tunncl Form
Genceral Manager N. Miami Bcach, FL
(305) 947-3852
Anthony Gallis Patent Scaflolding Co. 10-7-87 Tunncl Form
Product Manager IFort Lee, NJ
1-800-526-0441
Dr. Tseng Outinord Universal Co. 11-24-87 Tunnel Form
Chicf Structural N. Miami Bcach, FL
Engincer (305) 945-1444
Virgil C. Reed Synergy Structural Systems 11-6-87 Covington/
President Houston, TX Truss-Tech
(713) 644-0064 Pancls
David Stcvenson Truss-Tech Bldg. Systems 11-24-87 Truss-Tech
General Manager Fontana, CA and other Pancls
(714) 822-3360 occasions
Don L. Lloyd Covintee International, Inc. 11-24-87 Covington
President Rialto, CA and other Pancls
(714) 875-7203 occasions
Ivan Warrcn Aarding Forms, Inc, 12-1-87 Tunne! Form
Vice President Canoga Park, CA and other
(818) 883-4990 occasions
Jacques Swatz Aarding Forms, Inc. 12-16-87 Tunncl Form
Enginccring Manager Canoga Park, CA
(818) 883-4990)
Chandan Das Lowy Dcvelopment Corp. 2-25-88 Tunncl Form

Chicf Structural
Engincer

Los Angeles, CA
(213) 933-9090
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Dick Imson
Project Manager

Rick Mason
Contractor

Jacques Aractingi
President, Concrete
Division

Willic Barry

Vice-President

Dick Doster
General Manager

Bob Locr
General Manager

Brian Gerber, P.E.
Chiev Evaluator

Lawrence W. Hoak, P.E.

Vice-President

John Galbraith
Architect

Martincz & Wong
Architects

San Dicgo, CA
(619) 233-4857

Century Co.
Inglewood, CO
(303) 694-0017

Senseri Construction
Chico, CA
(916) 891-6444

Vem Anthony Gunite
Ontario, CA
(714) 957-0660

Qutinord Universal Co.
N. Miami Beach, FL
(302) 947-3852

Kentucky Fricd Chicken
Restaurant

Castorville, CA

(408) 425-1776

[.C.B.O.
Whittier, CA

Vali Associates
Anaheim, CA

Galbraith Architects
Pasadena, CA
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2-8-88

2-18-88

3-19-88

2-8-88

1-18-88

1-18-88

2-26-88

Tunnel Form

Tunnel Form

Tunnel Form

Truss-Tech

Tunnel Form

Covington

Covington

Covingtorn/
Truss-Tech

Truss-Tcch




Attribuie Evaluation Workhsheet

Building Tcchnology: Tunncl Forming System

Attribute No.: 1

Name ol Attributc: Structural Safcty

Specific Attribute Observations/Comments Rating
1.1  Overloads Follows ACI code. Decsigned as monolithic, E
ngid system (wall-to-slab connection is
considered rigid). Calculations are
standard.
1.2 Collapse Safcty/ AUl requircments. No [full-scale tests on G
Ultimate Strength systcm or subsystem performed. Results
of such test expected to be good.
1.3  Formwork/ Tunncl forms arc metal sheets and are E
Temporary designed adequatcly; scaffolding is
Supports usced as required.
1.4 Construction Not critical. E
Hazards
1.5 Changing Accounted for in design and during G
Structure During construction. Pour sequence adopted
Erection and for concrete placcment.
Construction
1.6 Material Handling Systematic.  Quatlity control as for any G
& Quality Control concrete structure.
1.7  Strength Against Adcquate since designed as rigid frame E
Overloads and concrele pourcd monolithically.
1.8 Stability Follows ACI codc. Because of high degree E

of redundancy, structurc is OK. Scismic
conditions not as critical since loads
arc supported on walls rather than columns.
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Attribute Evaluation Worksheet

Building Technology: Tunnel Forming System

Attribute No.: 1 (cont’d.) Name of Attribute: Structﬁral Safety (cont’d.)

Specific Attribute Observations/Comments Rating

1.9  Collapse Mode OK theoretically. Ensured by design. G
Fracture Unrelated for residential construction. N

1.11 Fatigue

1.12  Accidental/ Unrelated for residential construction. N
Special Loads Good performance expected.
1.13  Progressive Monolithic construction; progressive F
Failure failure is not critical. Needs more
information.

Rating of Auribute for "Engineering Data":

USACE/Amy/DOD Field
Regulations Codces/Stds. Full-Scale Tests Model/Sample Tests Investigation
6 6 3 5 5
Specific Attribute Rating: E = Excellent G = Good | F = Fair
S = Satisfactory P = Poor U = Unacceptable
N = Unrelated/Unknown
Attribute Rating Scalc: Outstanding = 6 Unsuitable = 0
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Attribute Evaluation Worksheet

Building Technology:  Tunnel Forming Sysiem

Attribute No.: 2 Name of Attribute: Structural Serviceability
Specific Attribute Obscrvations/Comments Rating
2.1 Loads & Load Follows ACI loads but can be suited to E
Combinations other specific loading.
22 Strength OK. Can be adjusted to specific E
Properties requircment.
2.3 Stiffness/ ACI rcquircments for stiffness, E
Vibrations deflections, etc. are followed.
Vibration no problem. Calculations
available.
24  Strength 10 Calculations available. Special cases G
Support Loads may bc handled, if required.
2.5 Stable Equilib- Walls act as shear walls. For low-risc E
rium/Lateral buildings, lateral stability no problem
Bracing cven in scismic zoncs.
2.6  Roof Ponding No problems encountered. G

Rating Attribute for "Engineering Data”:

USACE/Amy/DOD Ficld
Regulations Codcs/Stds. Full-Scale Model Sample Tests Investigation
6 6 3 3 4

§;c_éﬁic Attribute Rating: E = Exccllent G = Good F = Fair
S = Satisfactory P = Poor U = Unacceptable

N = Unrclated/Unknown
Altributc Rating Scalc: Qutstanding = 6 Unsuitable = 0
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Attribute Evaluation Worksheet

Building Technology: Tunncl Forming Systcm

Attribute No.: 3 Name of Attribute: Firc Safety
Specific Attribute Obscrvations/Comments Rating
3.1 Combustibility OK as for RC structures. E

3.2 Flame Spread &
Potential Heat

3.3 Fire Resistance
& Endurance

34  Strength Should be OK. In casc of firc damage, G
Maintenance repair is possible.

3.5 Collapsc Should be OK from past experience with E
Safety concrete structures.

3.6  Protective Not generally required, but possible to E
Devices integrate fire detectors, extinguishers,

etc.

3.7 Smoke OK, but needs consideration for a given G
Propagation/ case. No toxicity present. Smoke
Toxicity propagation depends on structural

planning also. Walls act as good firc
barricrs. Test rcport on toxicity
required for verification.

Rating of Attribute for "Engineering Data":

USACE/Amy/DOD _ Field
Regulations Codes/Stds. Full-Scale Model/Sample Tests Investigation
6 6 3 3 4
Specific Attribute Rating: E = Excellent G = Good F = Fair
S = Satisfactory P = Poor U = Unacceptable

N = Unrelated/Unknown

Attribute Rating Scalc: Outstanding = 6 Unsuitable = 0
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Attribute Evaluation Worksheet

Building Technology: Tunncl Forming Sysiem

Attribute No.: 4

Name of Attribulc: Habitability

Specific Attribute Observations/Comments Rating
4.1  Water OK. Watcr-repelling admixturc may be G
Pcnetration/ added to concrete in scvercly moist or wet
Pcermeability surroundings.
4.2  Acouslic For residential construction, impact F
Environment noiscs may be uncomfortable unless floor
covering is used on floor.
43 Thermal As for any reinforced concrete structure. G
Propertics/
Freeze-Thaw
Exposure
44  Health, Comlon, OK, but because of the low degree of F
Light, & air infiltration, air exchange is required.
Ventilation
4.5 General Safety OK G

Rating of Auributc for "Engincering Data":

USACE/Ammy/DOD Ficld
Rcgulations Codes/Suds. Full-Scale Tests Model/Sample Tests Investigation
5 s 3 4 5
Specific Attribute Rating: ~ E = Excellent G = Good F = Fair
S = Satisfactory P = Poor U = Unacceptable

Auribute Rating Scalc:

N = Unrelated/Unknown

Outstanding = 6 Unsuitable = 0
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Attribute Evaluation Worksheet

Building Technology: Tunnel Forming System

Attribute No.: §

Name of Attribute: Durability

Specific Attribute Obscrvations/Comments Rating

5.1  Mecchanical Good against impact, indentation, etc. E
Properties

5.2 Wear Resistance OK, as for reinforced concrete. E

5.3  Dimensional OK. Control joints required as usual. G

Stability

5.4  Weathering

5.5 Rheological
Propertics

Also, cxpansion joints required in

special cases.

OK. May need admixtures in special _ G
cases.
Could be critical. Needs special G

consideration to allow for long-term
effects in design. For low-rise
residential construction, can be

controlled.
5.6  Environmental As for any reinforced concrete structures. G
Effects
5.7  Corrosion
Resistance
Rating of Attribute for "Engincering Data":
USACE/Amy/DOD Field
Regulations Codcs/Stds. Full-Scale Tests Model/Sample Tests Investigation
S 3 4 5
Specific Attribute Rating: E = Excellent G = Good F = Fair
S = Satisfactory P = Poor U = Unacceptable

Attribute Rating Scale:

N = Unrelated/Unknown

Outstanding = 6

Unsuitable = 0
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Building Technology:

Attribute No.: 6

Attribute Evaluation Worksheet

Tunnel Forming Systcm

Name of Attribute: Constructibility

Specific Attribute Obscrvations/Comments Rating
6.1  Structural Planning has to be such that modular S
Planning construction is possible. This places
a limitation on structural planning.
For apartments, this is acccptable. For
single-family homes, this could be a
major drawback.
6.2 Susceptibility Very susceptible to analysis. For G
to Structural complex layout, analyses of lateral
Analysis resisting walls could be somewhat
difficult, especially in scismic zoncs.
6.3 Ease of Docs not sccm to be any more difficult G
Detailing than for normal RC construction.
Detailing for scismic zones is not
complex since slabs are supported on
walls rather than columns.
6.4  Material Readily available. E
Availability
6.5  Availability of Equipment/forms arc imported {rom S

Skilled Labor
& Equipment

Europe and are not locally available.

Some rcusable forms are locally available.
Otherwisc, a few weeks (about 12 10 16)

arc nceded for the fabricating and shipping
of the forms from Europe to the USA.
Maintenance of cquipment may be a problem.
Skilled labor is rcquired.
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Attribute Evaluation Worksheet

Building Technology: Tunnel Forming System

Attribute No.: 6 (cont’d.)

Namc of Attribute: Constructibility (cont’d.)

Specific Attributc Obscrvations/Comments Rating
6.6 Ease of Erection Nomally OK. However, coordination may F
and Coordination be a problem if the pace of construction
slows or work stalls duc to some
unforcseen problems, such as cquipment
brcakdown or design modifications.
Generally, good scheduling is required.
6.7  Adaptability to Quitc adaptable. E
Prefabrication
and Unitized
Construction
6.8  Required Required but OK sincc tunncl forms are G
Precision & standard. Quality control OK.
Tolerance/
Quality Control
6.9 Ease of OK F
Material
Handling
6.10 Rcuse of Tunncl forms arc rcusable. E
Temporary
Structures
Rating of Attribute for "Engincering Data":
USACE/Amy/DOD Ficld
Regulations Codces/Stds Full-Scale Tests Modcl/SamplcTests Investigation
S 5 3 4 5
g[;cciﬁc Attribute Ratingﬁ: " E = Excellent G = Good F = Fair
S = Satisfactory P = Poor U = Unacceptable

Attribute Rating Scale:

N = Unrelated/Unknown
Qutstanding = 6 Unsuitable = 0
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Attribute Evaluation Worksheet

Building Technology: Tunncl Forming System

Attributec No.: 7 Name of Attribute: Maintainability

Specitic Attribute Observations/Comments Rating

7.1  Maternal Similar to reinforced concrete. G
Resistance to
Deterioration

7.2 Susceptibility Similar to reinforced concrete.  For long G
10 Cracking buildings, cxpansion joints may be required.

For scismic zones, scismic joints may be
required for special configuration.

7.3 Resistance to Simitar to concrete. Location should G
Chemical Attack be watched.
7.4  Repairability Cracks could be repaired as for any G
reinforced concrete structures.
7.5  Easc of Periodic Inspection of conccaled or embedded S
Inspection conduits will nced chipping of concrete

if there is any problem. Plumbing pipes
arc installed through a scparate shaft
and arc not cmbedded in concrete.

7.6  Potential for Difficult because walls are permanent. S
Remodeling However, drywall/stud partition walls are
casy to alter.

Rating of Attribute for "Enginecring Data":

USACE/Amy/DOD Field
Regulations Codes/Suds. Full-Scale Tests Modcl/Sample Tests  Investigation
5 4 3 3 4

ifcﬁn??(lﬁbul 'R.mltlga o E = Excellent G = Good F = Fair
S = Satisfactory P = Poor U = Unaccentable
N = Unrelated/Unknown

Attributc Rating Scale: Outstanding Unsuitable = 0
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Attribute Evaluation Worksheet

Building Technology: Tunncl Forming System

Attribute No.: 8

Name of Attributc:

Architectural Function

Specilic Attribute ‘Obscrvations/Comments Rating
8.1 Building Form OK. Suitable for row housing, army G
and Scale barracks, xpartments, etc.  Diflerent
ferms can be derived.
8.2 Span and Size A span limit on the order of 16 to 18 ft F
Limits of for economical slab thickness. Where longer
Components spans are required, the system could be a
problem, aithough not insurmountable.
Use dividing wall where required.
8.3  Interior Space OK, although not adaptive t» future F
Definition, remodeling.
Subdivision &
Scparation
8.4  Building Pirovides a good enclosure E
Enclosure against exterior envirormment.
Rating of Auribute for "Engincering Data”:
USACE/Amy/DOD Ficld
Regulations Codes/Stds. Fuli-Scale Tests Modcl/Sample Tests  Investigation
5 “ 3 3 5
Specific Auribute Rating: K = Excellent G = Good F = Fair
S = Satisfactory P = Poor U = Unacceptable

Attnbute Rating Scale:

N = Unrelated/Unknown

Outstanding = 6 Unsuitable = 0
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Attribute Evaluation Worksheet

Building Technology: Tunnel Forming System

Attribute No.: 9

Name of Attribute: Economy

Spcciﬁc Attribute Obscrvations/Comments Rating
9.1  Material Rcadily available. L
92  Labor As for any reinforced concrete construction, F

93  Equipment

94  Design
Modifiability
During
Construction

9.5 Construction
Speed

9.6  Mainicnance and
Management

USACE/Amy/DOD
Regulations

5

Spcuh(. Altrbute Raunz_

Aurbute Rating Scale:

although labor has to be skilled and
well trained. Once the labor is trained
and c¢xperienced, the job can be done last.

Quitc cxpensive for small projects. The F
cost is duc to the fact that equipment

and forms arc imported. Cost is

recovered if the forms arc used

repetitively, ic., for large projects.

Thus, projcct size is a significant factor.

Could bc a problem as for any reinforced F
concrete construction. The problem is

compounded by the modular type of construc-

tion if the decsign amendments are consider-

able. Partition walls made of stud and

drywalls can be easily modified.

Because of the mechanized and modular E
system, construction speed is good unlcss
the work stalls for some rcason.

OK. G

Codces/Stds

Rating of Attribute for "Engincering Data":

Ficld
Full-Scalc Tcsts Modcl/Sample Tests  Investigation
3 3 4
E = Excellent G = Good F = Fair o
S = Satisfactory P = Poor U = Unacceptable
N = Unrclatcd/Unknown

Outstanding = 6 Unsuitable = 0
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Attribute Evaluation Worksheet

Building Technology: Tunnel Forming System

Attributc No.: 10

Name of Attribute: Compatibility

Specific Attribute Observations/Comments Rating
10.1 Analysis of Follows ACI code and, hence, the E
Connections connections can be analyzed if required.
10.2 Connection Similar to reinforced concrete with E
Detailing and special modular characteristics.
Simplicity
10.3 Joining Materials Compatible with joining materials. E
Interaction
104 Ability to Similar to rcinforced concrete. E
Receive and
Retain Coatings
|
Rating of Attribute for "Engineccring Data":

USACE/Amy/DOD Field
Rcgulations Codces/Stds. Full-Scale Tests Model/Sample Tests Investigation
6 3 3 5

Specific Attribute Rating: E = Excellent G = Good F = Fair
S = Satisfactory P = Poor U = Unacceptable

Attribute Rating Scalc:

Outstanding = 6

N = Unreclated/Unknown

Unsuitable = 0
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Attribute Evaluation Worksheet

Building Technology: Tunncl Forming System

Attribute No.: 11 Name of Attribute: System Integration

Specific Attribute Observations/Comments Rating

11.1  Architectural Amenable to architectural functions. F
Design Configuration must be modular, however.

Any configuration that is not modular
is not suited to tunncl forms.

11.2  Power & Lighting OK.

G
11.3  Temperature
Control
114 HVAC
11.5  Mechanical/ Could be a problem in many cases. F
Electrical
Enlargement
During
Occupancy
11.6  Water Supply & OK. G
Plumbing
11.7  Foundation Should be OK in all casces. E
System
11.8  Sccurity Sysicm OK G
Rating of Attributc for "Enginecring Data™:
USACE/Amy/DOD Field
Regulations Codes/Stds. Full-Scale Tests Model/Sample Tests Investigation
5 5 3 3 S
§pcciﬁc Attribute Ralﬁ;“_ E = Exccellent G = Good F = Fair
S = Satisfactory P = Poor U = Unacceptable
N = Unrelated/Unknown
Attribute Rating Scalc: Outstanding = 6 Unsuitable = 0
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Attribute Evaluation Worksheet

Building Technology: Tunnel Forming System

Attribute No.: 12 Name of Attribute: Code Compliance
Specific Attribute Observations/Comments Rating
12.1  Review of Reinforced concrete structure and tunnel E
Code forms follow ACI code requirements. Where
violations exist in the fields, they must be
corrected.
12.2  Satisfaction OK in general. Good for seismic zones G
of Specific due to redundancy of the system and
Requirements presence of shear walls rather than
columans. Good against impact loads,
blasts, etc.

Rating of Attribute for "Engineering Data":

USACE/Army/DOD Field
Regulations Codcs/Stds. Full-Scale Tests Model/Sample Tests Investigation
6 6 3 3 4
Specific Attribute Rating: E = Excellent , G = Good F = Fair
S = Satisfactory P = Poor U = Unacceptable
N = Unrelated/Unknown
Attribute Rating Scalc: QOutstanding = 6 Unsuitable = 0
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Attribute Evaluation Worksheet

Building Technology: Composite Panclized System

Attribute No.: 1

Namec of Atiribute: Structural Safety

Specific Attribute Observations/Comments Rating
1.1 Overloads Follows ACI code although any other code G
may also be followed if necessary.
1.2 Collapse Safety/ ACI requircments met. No test confir- F
Ultimate Strength mation on full-scale systems or sub-
systems.
1.3  Formwork/ Shores, temp. braces for wind loads G
Temporary provided by contractors. Needs to be
Supports ensured.
1.4 Construction Windy situation could be critical when F
Hazards the light pancls arc being carried.
1.5 Changing Wall is often plastered after roof or G
Structure floor is placed. Covington has a
During standard manual for erection.
Erection and
Construction
1.6  Material Panels are light and can be carried E
Handling & manually. Covington has quality control
Quality Control (QQC) requircments. QC in factory is better
than ficld since conditions are controlled.
1.7  Strength Against Theoretically OK; practically, not known F
Overloads under overload conditions.
1.8  Stability Follows ACI code. No problems encountered. G

Full-Scale tests not done. Performs well
during carthquakes due to low mass. Axial
load tests OK on panels.
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Attribute Evaluation Worksheet

Building Technology: Composite Panelized System

Attribute No.: 1 (cont’d.) Name of Attribute: Structural Safety (cont’d.)
Specific Attnbute Observations/Comments Rating
1.9 Collapse Mode OK theoretically. Practically, not known F
under overload conditions.
1.10  Fracture Unrelated for residential construction. N
1.11  Fatigue Unrelated for residential construction. N
Not known for seismic conditions.
1.12  Accidental/ Unrelated. N
Special Loads
1.13  Progressive Progressive failure is not critical since : F
Failure walls are monolithic and so are slabs.

Needs testing and more information.

Rating of Attribute for "Engineering Data":

USACE/Amy/DOD Field
Regulations Codcs/Stds. Full-Scale Tests Model/Sample Tests Investigation
5 5 3 5 4
Specific Attribute Rating: E = Excellent G = Good F = Fair
S = Satisfactory P = Poor U = Unacceptable

N = Unrelated/Unknown
Attribute Rating Scale: Outstanding = 6 Unsuitable = 0.
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Building Technology:

Attribute Evaluation Worksheet

Composite Panclized System

Attribute No.: 2 Namc of Attribute: Structural Scrviceability
Spccific Attribute Observations/Comments Rating
2.1 Loads & Load Follows standard ACI loads but can be E
Combinations suited to other specific loading.
2.2 Strength OK and can be adjustcd to spccific needs. E
Properties
2.3 Stiffness/ Calculations available. No vibration F
Vibrations test done. No complaints. Dcflection
lests on pancls done.
24  Strength to Calculations available. Other cases may G
Support Loads be accommodated by modifying design.
2.5 Stable Equilib- Walls act as shcar walls. Calculations G
rium/Lateral available.
Bracing
2.6 Roof Ponding OK. No problems encountered. G
Rating of Attribute for "Engincering Data":
USACE/Amy/DOD Field
Regulations Codes/Stds. Full-Scale Tests Model Sample Tests Investigation
! 5 3 4 5
§[‘)éc‘iﬁc Attributc Rating: E = Exccllent G = Good F = Fair
S = Satisfactory P = Poor U = Unacceptable

N = Unrcl:ted/Unknown
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Building Technology:

Attribute No.: 3

Attribute Evaluation Worksheet

Composite Panelized System

Name of Attribute: Fire Safety

Specific Attribute Observations/Comments Rating
3.1 Combustibility OK tested following ASTM E119 standards G
by Warrock Hersey Int’l, Inc.
32 Flame Spread & One or two-hour flame-spread rating, G
Potential Heat depending on thickness of plaster.
3.3 Fire Resistance OK. ASTM E119 std. requirements are met. G
& Endurance
34  Strength Difficult to evaluate without a full-scale S
Maintenance test.
3.5 Collapse Safety Appears reasonable. Seems to be E
better than wood frame construction.
Verified by ficld obscrvation at a fire-
damaged house at Rialto, CA.
3.6 Protective Possible to integrate. G
Devices
3.7 Smoke Propagation OK, but difficult to confirm. F
Toxicity
Rating of Attribute for "Engineering Data":
USACE/Amy/DOD Field
Regulations Codes/Sids. Full-Scale Tests Model/Sample Tests  Investigation
5 3 6 5
Specific Attribute Rating: E = Excellent G = Good F = Fair
S = Satisfactory P = Poor U = Unacceptable

Attribute Rating Scale:

N = Unrelated/Unknown
Outstanding = 6 Unsuitable = 0
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Attribute Evaluation Worksheet

Building Technology: Composite Panclized System

Attributc No.: 4 Name of Attributc: Habitability
Specific Attribute Observations/Comments Rating
4.1 Water Penctration Water penctration through joints not a E
Permeability problem because the plaster is monolithic.
Also, walls are impermeable. No signs of
problems during field visit.
4.2  Acoustic No test results available, Analysis may F
Environment be done for a particular casc. Becausc
of the sandwich-typc pancls, acoustics
arc good for airborne noise, but not for
noisc causcd by impact, as in floors.
Testing is dcsirable.
43  Thermal Frceze-thaw cycle test showed no signs of G
Properties/ cracking, spalling, peeling, ctching or
Frceze-Thaw scaling. Some heat loss expected, though.
Exposure
44  Hcalth, Comfor, OK, but because of the low degree of air F
Light, & infiltration, air change is desired.
Ventilation
4.5 General Safety OK. G
Rating of Attribute for "Engineering Data":
USACE/Amy/DOD Field

Rcgulations Codes/Stds. Full-Scale Tests Model/Sample Tests Investigation
S 3 4 5
gpcciﬁc Altributec Rating: i = Excellent G = Good F = Fair
S = Satisfactory P = Poor U = Unacceptable

Attribute Rating Scalc:

N = Unrelated/Unknown
Outstanding = 6 Unsuitable = 0
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Attribute Evaluation Worksheet

Building Technology: Composite Panelized System

Attribute No.: §

Name of Attribute: Durability

Specific Attribute Observations/Comments Rating
5.1  Mechanical Good against indentation, impacts, etc. G
Properties
5.2  Wear Resistance OK. G
5.3 Dimensional OK. Control joints required as usual.
Stability
54  Weathering Seems OK. Various admixtures may be G
added to plaster for special cases.
5.5 Rheological Not any more critical than concrete or N
Properties masonry, but no relevant data available.
5.6  Environmental As good as concrete. Needs further F
Effects icsts/observations.
5.7  Corrosion No rust staining found by tests E
Resistance (ASTM B 117) and during field
observations.
Rating of Attribute for "Engineering Data":
USACE/Amy/DOD Field
Regulations Codes/Stds. Full-Scale Tests Model/Sample Tests Investigation
3 4 4
Specific Attribute Rating: E = Excellent G = Good F = Fair
S = Satisfactory P = Poor U = Unacceptable

Attribute Rating Scale:

N = Unrelated/Unknown

Outstanding = 6
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Attribute Evaluation Waorksheet

Building Technology: Composite Panclized System

Attnibute No.: 6

Name of Attribute: Constructibility

Specific Attribule Obscrvations/Comments Rating
6.1  Structural System is adaptable to differcnt types E
Planning of planning for residential construction.
6.2 Susceptibility Can be analyzed as shown by calculations. G
1o Structural Many assumptions and idecalizations involved.
Analysis
6.3 Easc of Quilc satisfactory as is apparent from G
Dctailing skciches submitted. No building under
construction could be inspected 1o
confim this.
6.4 Material All materials are available in the USA. E
Availability
6.5  Availability of Available locally. No special skill G
Skilled Labor required for labor. Training required
& Equipmcnt since the modc of construction is non-
traditional.
6.6 Easc of Ercction Quite satsifactory. Cutting wires could F
and Coordination be difficult in the ficld, particularly for
Truss-Tech Panels.
6.7  Adaptability to Quite adaptable. Has been donc in some E

Prcfabrication
and Unitized
Construction

cascs.
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Attribute Evaluation Worksheet

Building Technology: Composite Panelized System

Attribute No.: 6 (cont’d.) Name of Attribute: Constructibility (cont’d.)
Specific Attribute Observations/Comments Rating
6.8 Required No additional precision required compared G
Precision & to normal construction. Quality control
Tolerance/ OK.
Quatity Control
6.9 Ease of Quitc easy to handle materials. E
Material
Handling
6.10 Reuse of OK. Fewer temporary structures required E
Temporary compared to concrete, i.e., no formwork
Structures required for walls and slabs, and hence

less reuse necessary. Temporary braces
can be reused.

Rating of Attribute for "Engineering Data":

USACE/Amy/DOD Field
Rcgulations Codes/Stds. Full-Scale Tests Model/Sample Tests Investigation
5 6 3 3 5

Specific Attribute Rating: E = Excellent G = Good F = Fair
S = Satisfactory P = Poor U = Unacceptable

N = Unrelated/Unknown

Attributc Rating Scalc: Outstanding = 6 Unsuitable = 0

133




Attribute Evaluation Worksheet

Building Technology: Composite Panclized System

Attribute No.: 7 Name ¢f Atribute: Maintainability

Specific Attribute Obscrvations/Comments Rating

7.1 Maierial Similar to reinforced concrete. No G
Resistance 1o deterioration found in buildings visited.
Dcterioration

7.2 Susceptibility Similar to reinforced concrete.  Control G
to Cracking Joints may be required for long walls.

7.3  Resistance 10 Similer to concrete.  Should be further F
Chemical Attack investigated.

7.4 Rcepairability Can be casily repaired, if required. G

Plaster is tough cnough against impact
because of the reinforcing.

7.5 Easc of Periodic OK. in general. Pancls nced to be F
Inspection broken for repairing or inspection of
conccaled pipelines.

7.6 Potential for Wall pancls used as partition walls P
Remodceling could bc problematic.

Rating of Attributc for "Enginecring Data":

USACE/Amy/DOD Ficld
Regulations Codes/Stds. Full-Scale Tests Modcl/Sample Tests  Investigation
4 4 3 3 4

Specific Attribute Rating: E = Excellent G = Good F = Fair
S = Satisfactory P = Poor U = Unacceptable
N = Unrclated/Unknown
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Attribute Evaluation Worksheet
Buildin - Technoloy: Composite Panclized System
Architectural Function

Attribute No.: 8 Name of Attribute:

Specific Attribute No. Observations/Comments Rating
8.1  Building Form OK. Suitable for small buildings, G
and Scale particularly small homes.
8.2 Span and Size Span limit exists. Similarly, wall F
Limits of thickness has limitation. Limitation
Components is more critical for Covington. Truss-
Tech offers more variety and flexibility.
Span/size limits for low-rise buildings
are often within acceptable range.
83 Interior Space OK, although not adaptive to futurc F
Definition, changes.
Subdivision &
Scparation
84  Building Provides a good enclosure--almost as good as E
Enclosure for reinforced concrete. Esthetics could be
improved by variations in color, texture,
brick/stone veneers, etc.
Rating of Attributc for "Enguieering Data":
USACE/Amy/DOD Field
Recgulations Codes/Sids. Full-Scale Tests Model/Sample Tests  Investigation
5 3 3 5
Speciiic Attributc Rating: E = Excellent G = Good F = Fair
S = Satisfactory P = Poor U = Unacceptable

Attribute Rating Scale:

N = Unrclated/Unknown
Outstanding = 6 Unsuitable = 0
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Attribute Evaluation Worksheet

Building Technology: Composite Panclized System

Attribute No.: 9 Name of Attributc; Economy
Specific Attribute No. Observations/Comments Rating
9.1 Material Plaster could be expensive in some arcas. F

Spray is rcquired and is rather labor
intensive. Necds more market acceptance.

9.2 Labor Not much skilled labor is required. G
9.3  Equipment OK. At most, a forklift is required G
during construction.
9.4  Dcsign OK with exceptions. Top and bottom G
Modifiability reinforcements are same in slabs and
During hence, unlike RC, additional supports may
Construction be added.
9.5  Construction Can be built fast. G
Speed
9.6  Maintcnance OK. G

and Management

Rating of Attribute for "Engincering Data™:

USACE/Amy/DOD Field
Regulations Codes/Stds. Full-Scale Tests Model Sample Tests Investigation
5 5 3 3 4

gb&i_ﬁc Attributc lﬁﬁr@: E = Exccllen: G = Good F = Fair
S = Satisfactory P = Poor U = Unacceptable

N = Unrclated/Unknown
Attributc Rating Scalc: Outstanding - Unsuitable = 0
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Attribute Evaluation Worksheet

Building Technology: Composite Panclized System -

Attribute No.: 10

Name of Attribute: Compatibility

Specific Attribute No.

Obscrvations/Comments Rating

10.1  Analysis of
Connections

10.2  Connection
Dxtailing
and Simplicity

10.3  Joining
Materials
Interaction

104  Ability to
Receive and
Retain Coatings

Can be done as for any other connections G
in a different system. No unusual

connection present. Test results not

available for conncctions.

A large number of sketches have been G
developed by Covington and Truss-Tech.

Connection details seem simple and

acceptable.

Slab panels cannot be used on wood-frame G
walls (code prohibits this). Compatible
with all joining materials.

Can receive and retain coatings. G
Susceptible to good finish. Can hold
tiles and brick or stone veneers.

Rating of Attribute for "Engineering Data":

USACE/Amy/DOD Field
Regulations Codes/Stds. Full-Scale Tests Model Sample Tests Investigation

5 3 3 5
Specific Attribute Rating: E = Exccllent G = Good F = Fair

Attribute Rating Scalc:

S = Satisfactory P = Poor

N = Unrelated/Unknown

U = Unacceptable

Outstanding = 6 Unsuitable = 0
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Attribute Evaluation Worksheet

Building Technology: Composite Panclized System

Attributc No.: 11

Name of Auributc: System Integration

Specific Attribute Obscrvations/Comments Rating
11.1  Architectural Amcnable to architcctural functions. Allows I
Design frcedom in architcctural layout.
11.2  Power & Lighting OK. G
11.3  Tempcrature
Control
114 HVAC OK. No problem cncountered. G
11.5  Mecchanical/ Could pose a problem in some cases. F
Electrical
Enlargement
During Occupancy
1.6 Water Supply & OK. However, vertical pipe run could be F
Plumbing difficult for Truss-Tech Pancls.
11.7  Foundation Adcquate details have been developed. G
System
11.8  Sccurity Sysicm OK. G
Rating of Autributc for "Engincering Data":
USACE/Amy/DOD Ficld
Regulations Codes/Stds. Full-Scale Tests Model/Sample Tests  Investigation
S 3 3 5
:S"bzgikl-ic;m-lﬁbulc Rating: " E = Exccllent G = Good F = Fair
= Satisfactory P = Poor U = Unacceptable
N = Unrclated/Unknown
Altribute Rating Scale: Outstanding = 6 Unsuitable = 0
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Attribute Evaluation Worksheet

Building Technology: Composite Panelized System

Attribute No.: 12 Name of Attribute: Codc Compliance

Specific Attribute No. Observations/Comments Rating
12.1  Review of Code Requirements of UBC (ICBO), ACI, ASTM G
met in most cases. NRB approval exists.
12.2  Satisfaction Although not explicitly required by code, F
of Specific more full-scale tests are required.
Requirements Scismic requirements are generally met.
Better evidence of performance in
hurricane zones required. Also, blast
resistance appears to be good but needs
verification.
Rating of Attribute for "Engineering Data":
USACE/Amy/DOD Field
Regulations Codes/Stds. Full-scale Tests Model/Sample Tests  Investigation
5 5 ’ 3 4 3
Specific Attribute Rating: E = Excellent G = Good F = Fair
S = Satisfactory P = Poor U = Unacceptable

N = Unrelated/Unknown

Attribute Rating Scale: Outstanding = 6 Unsuitable = 0
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Chief of Engineers
ATTN: CEHEC-IM.LH (2)
ATTN: CEHEC-IM-LP (2)
ATTN: CECC-P

ATTN: CECW

ATIN: CECW-0

ATTN: CECW-P

ATTN: CECW-RR
ATTN: CEMP

ATTN: CEMP-C

ATTN: CEMP-E

ATTN: CEMP-EA

ATTN: CERD

ATTN: CERD-L

ATTN: CERD-C

ATTN: CERD-M

ATTN: CERM

ATTN: DAEN-ZCE
ATTN: DAEN-ZCI
ATTN: DAEN-ZCM
ATTN: DAEN-2CZ

CEHSC
ATTN: CEHSC-ZC 22060
ATTN: DET 10 79906
ATTN: CEHSC-F 22060
ATIN: CEHSC-TT-F 22060

US Army Engincer Districts
ATTN: Library (40)

US Army Engr Divisions
ATTN: Library (14)

US Army Europe

ODCS/Engincer 09403
ATTN: AEAEN-FE
ATTN: AEAEN-ODCS

V Corps
ATIN: DEH (11)

VIl Corps
ATTN: DEH (16)

21st Support Command
ATTN: DEH (12)

USA Bedlin
ATTN: DElI (9)

Allied Command Europe (ACE)
ATTN: ACSGEB 09011
ATTN: SHIHB/Engincer 09055
ATTN: AEUES 09168

USASETAF
ATTN: AESE-EN-D 09019

8th USA, Kores (19)

ROK/US Combined Forces Command 96301
ATTN EUSA-HHC-CFC/Engr

Ft. Leonard Wood, MO 65473
ATTN: Canadian Liaison Officer
ATTN: German Liaison Staff
ATTN: British Lisison Officer (2)
ATTN. French Lisison Officer

USA Japan (USARY)
ATTN: DCSEN 96343
ATTN: Facilities Engincer 96343
ATTN: DEH-Okinawa 96331

USACERL DISTRIBUTION

Arca Engincer, AEDC-Area Office
Amold Air Force Station, TN 37389

416th Enginecr Command 60623
ATTN: Facilities Engineer

US Military Academy 10996
ATTN: Facilities Engineer
ATTN: Dept of Geography &

Computer Sciences
ATTN: MAEN-A

AMC - Dir,, Inst.,, & Svcs.
ATTN: DEH (22)

DLA ATTN: DLA-WI 22304
DNA ATTN: NADS 20305

FORSCOM (28)
FORSCOM Engineer, ATTN: Spt Det. 15071
ATTN: DEH

HSC
Ft. Sam Houston AMC 78234
ATIN: HSLO-F
fizsimons AMC 80045
ATTN: HSHG-DEH
Walter Reed AMC 20307
ATTN: Facilities Engineer

INSCOM - Ch, Insu. Div.
Arlington Hall Station 22212
ATTIN: Engr & Hsg Div
Vint Hill Farms Station 22186
ATTN: IAV-DEH

USA AMCCOM 61299
ATTN: AMSMC-RI
ATTN: AMSMC-IS

Military Dist of Washington
ATTN: DEH
Cameron Station (3) 22314
Fon Lesley J. McNair 20319
Font Myer 22211

Military Traffic Mgmt Command
Falls Church 20315
Oakland Anmy Base 94626
Bayonne 07002
Sunny Point MOT 28461

NARADCOM, ATTN: DRDNA-F 01760
TARCOM, Fac, Div. 48090
TRADOC (19)
HQ, TRADOC, ATTN: ATEN-DEH 23651
ATTN: DEH
TSARCOM, ATTN: STSAS-F 63120
USAIS
Fort Huachucs 85613
ATTN: Facilities Engincer (3)
Font Ritchie 21719

WESTCOM

Fort Shafter 96858
ATTN: DEH
ATTN: APEN-A

SHAPE 09055
ATTN: Survivability Sect. CCB-OPS
ATTN: Infrastructure Branch,  ANDA

HQ USEUCOM 09128
ATTN: ECJ 4/1-LOE

Font Belvoir, VA
ATTN: Austnalian Liaison Officer 22060
ATTN: Water Resource Center 22060
ATTN: Engr Studies Center 22060
ATTN: Engr Topographic Lab 22060
ATTN: ATZA-TE-SW 22060
ATTN: CECC-R 22060

CECRL, ATTN: Library 03755
CEWES, ATTN: Library 39180

HQ, XVII Airbome Corps and
Fi. Bragg 28307
ATTN: AFZA-DEH-EE

Chanute AFB, IL 61868
3345 CES/DE, Stop 27

AMMRC 02172
ATTN: DRXMR-AF
ATTN: DRXMR-WE

Norton AFB, CA 92409
ATTN: AFRCE-MX/DE

Tyndall AFB, FL 32403
AFESC/Engineering & Service Lab

NAVFAC
ATTN: Division Offices (11)
ATTN: Facilities Engr Cmd (9)
ATTN: Naval Public Works Center (9)
ATTN: Naval Civil Engr Lab (3)
ATTN: Naval Constr Battalion Ctr 93043

Enginecring Socicties Library
New York, NY 10017

National Guard Bureau 20310
Installation Division

US Government Printing Office 20401
Receiving/Depository Section (2)

US Amy Env. Hygiene Agency
ATTN: HSHB-ME 21010

Nat’l Institute of Standards & Tech 20899
Defense Technical Info. Center 22304
ATTN: DTIC-FAB (2)
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US Amy Engineer Districts
ATTN: Chief, Engineer Division
New York 10278
Buffalo 14207
Piusburgh 15222
Philadelphia 19106
Baltimore 21203
Norfolk 23510
Huntington 25721
Wilmington 28401
Charleston 29402
Savannah 31402
Jacksonville 32232
Mobile 36652
Nashville 37202
Memphis 38103
Vicksburg 39180
Louisville 40201
Detroit 48231
St. Paul 55101
Chicago 60606
St. Louis 63101
Kansas City 64106
Omaha 68102
New Orleans 70160
Fort Wonh 76102
Galveston 77553
Albuquerque 87103
Los Angeles 90053
San Francisco 94105
Sacramento 95814
Japan 96343
Portland 97208
Sesttle 98124
Walls Walla 99362
Alaska 99506
Tulsa 74121
ATIN: SWTED
Far Eat 96301
ATTN: POFED-L

Habitability Team Distribution

US Amy Engineex Division
ATIN: Chief, Engineering Division

New England 02154
Europe 09757

North Atlantic 10007
South Adantic 30303
Huntsville 35807
Mississippi Valley 39180
Ohio River 45201
Missouri River 68101
Southwestem 75242
South Pacific 94111
Pacific Ocean 96858
North Pacific 97208

Tyndall AFB, FL 32403
ATTN: RD

Dir, Bldg Tech & Safety Div 20410
Director, Center for Bldg Tech 20234
Nat'l Institute of Bldg Sciences 20005

Public Building Service 20405
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